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FOREWORD 

This  p«D°rt  was  prepared  by  The  Connecticut  Hard  Rubber 
Connecticut,  undap  U3AP  Contract  Bo.  AP 
Ai!  31  »«254ii  ?ontract  «**  Initiated  undap  Project  Wof 
j£12»  *Q^fund  C?aw  Protective  Clothing,*  Task  Wo.  64498, 
Hookat  Propellent  Protactic  ,*  formerly  Rdo  Wo.  666^350, 
•Protective  Clothing  Against  Special  Hazards, *  and  was  admin¬ 
istered  under  the  direction  of  the  Materials  laboratory. 
Directorate  of  Research,  Wright  Air  Development  Center,  with 
Mr.  C.  W.  tong  acting  as  project  engineer. 

31  ^*1955!°*  COV82‘#d  by  thls  r#P°pt  4*  fre*  1  June  195g.  to 
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ABSTRACT 


A  coated  fabric  comprising  a  thin  coating  of  aluminum- 
pigmented  polychlorotrifluoroethylene  on  glass  fabric  backed 
with  a  low-density  silicone  rubber  sponge,  and  having  an  over¬ 
all  thickness  of  0*070  inch,  was  developed  for  use  in  protective 
clothing  for  personnel  in  danger  of  being  exposed  briefly  to 
a  chemical  fire  at  temperatures  up  to  1000°P.  The  fabric  shows 
excellent  resistance  to  fuming  nitric  acid  and  other  oxidizers 
and  fuels,  is  flexible  and  useful  over  a  temperature  range  of 
-80*P  to  ♦390°P* 

This  fabric  construction  showed  a  temperature  rise  on  the 
Inside  surfaoe  of  less  than  100*P  after  direct  exposure  to  a 
flame  caused  by  mixing  white  fuming  nitric  acid  and  monoethyl - 
aniline*  Peak-flame  temperatures  averaging  about  1600°P  three 
seconds  after  mixing  the  reactants  were  measured  with  thermo¬ 
couples*  The  fabric  was  non-porous  to  1000°P  steam,  and  was 
not  penetrated  by  reaction  produota  of  the  ethyl  aniline-fuming 
nitric  add  combustion* 

Polyethylene  and  polyethylene-Vlstanex  blends  were  oured 
with  peroxide  and  were  resistant  to  temperatures  of  250°P* 

They  also  showed  improved  resistant  to  penetration  by  white 
fuming  nitric  add* 


PUBLICATION  REVIEW 

This  report  has  been  reviewed  and  la  approved* 
FOR  US  COMMA®  UR  I 


.  stS  ,  •  H*  »*  MHITMORI 

'/•>  '  StAhnloil  nlrae 


Tsohnloal  Director 
Materials  Laboratory 
Directorate  of  Resea roh 
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INTRODUCTION 


The  object  of  this  contract  was  to  develop  a  material 
suitable  for  the  fabrication  of  protective  clothing  for 
personnel  who  might  be  exposed  briefly  to  a  chemical  fire 
at  temperatures  up  to  100Q°P*  The  material  was  to  be 
resistant  to  tfcite  fuming  nitric  acid,  monoethylanillne 
and  hydrazine  (94  percent)*  It  was  to  be  flexible  through¬ 
out  the  temperature  range  of  -67°P  to  157°P* 

In  the  handling  of  the  special  fuels  which  are  used  in 
guided  missiles,  personnel  are  liable  to  be  exposed  to  fuming 
nitric  acid  and  other  oxidising  agents*  Under  Contract  No* 

AP  33(6l6)-155$  The  Comeotiout  Hard  Rubber  Company  developed 
a  chemically  resistant  coated  fabric  suitable  for  the  fabri¬ 
cation  of  protective  clothing  to  be  used  under  normal  temper¬ 
ature  conditions*  This  clothing,  however,  would  not  protect 
the  wearer  should  fuels  accidentally  Ignite*  On  ths  other 
hand,  there  ere  e  number  of  reaoue  auita  presently  in  use 
which  will  withstand  reasonable  exposure  to  1OO0*P*  T*>ey, 
however,  are  permeable  to  fuming  nitric  acid  end  to  the  toxic 
reaotion  products,  such  as  tha  superheated  vapors,  found  when 
rocket  fuels  are  Ignited.  Also,  these  reaoue  suits  era  gtnar- 
ally  quite  taaavy  and  awkward,  and  would  be  very  uncomfortable 
aa  protective  clothing  for  daily  work  use* 

At  e  meeting  held  at  Wright  Air  Development  Center  on 
June  Z,  1054,  It  wee  decided  that  the  materiel  developed  under 
this  contract  would  be  used  in  the  fabrication  of  a  light¬ 
weight  esoepe  suit  rather  than  a  rescue  suit* 

Although  no  greet  pressure  ie  exerted  when  rooket  fuels 
are  Ignited  in  an  uncoofinad  space,  an  individual  in  the 
immediate  area  would  be  spattered  with  unreaoted  fuming  nltrlo 
sold  or  fuel*  Be  would  also  be  exposed  to  flames  and  temp- 
araturea  of  about  10C0*P*  At  thl*  temperature,  any  atmospheric 
mblatuT",  reactants,  er  reaction  product*  would  be  turned  to 
superheated  vapors*  With  tha as  fsotors  in  mind,  •  fabric  wee 
designed  consisting  of  e  thin  lsysr  of  silicone  rubber  speeds 
on  glass  fabric  coated  with  a  haat- reflective  acid-resistant 
barrier  as  a  protaction  against  possible  splashing  with  whits 
fueling  nitric  acid  In  daily  use*  A  protective  suit  made  from 
e  fabric  of  this  kind  would  be  relatively  light  in  welahV, 
flexible,  end  reasonably  comfortable  to  tbs  wearer* 

As  described  in  thl*  report,  e  number  of  samples  wars 

1,  fee  tec  tea  refer  to  rdwessu  Bmiograpt*. 
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prepared  by  varying  the  component  layers*  These  staples  end 
various  staples  of  eoeaseroial  fabrics  m  i  subjected  to  radi- 
ant  heat  and  superheated  steam  of  1000°!  Acid-resistant 
eoatlng  Materials  were  coopered  by  the  H-Cell  permeability 
test*  The  best  constructions  wers  exposed  to  a  fleas  produced 
by  nixing  white  funing  nitric  aold  with  monoethylaniline,  and 
the  hect  penetration  and  effect  on  the  fabric  surface  were 
noted* 
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ASSXGSK8*? 


Contract  »o*  AP  33 (616) -2544?  effective  1  June  1954. 
stipulates  resesroh  end  development  of  &  ohcnioally  resistant 
fabric  which  will  provide  protection  againat  proxinity  to 
floss  at  1000°F* 

Articles  or  Services 

A*  Develop  a  fabric  or  fabric  oocbl nation  capable  of 
protecting  a  san  splashed  with  white  fusing  nitric  acid  and 
concurrently  exposed  to  a  heat  of  10GG9?.  The  fabric  shall 
also  possess  ehenieal  resistance  to  s&noethyl aniline  and 
hydr&slae  (94$)* 

Bo  She  fabric  or  fabric  ocabi  nation  east  have  the 
following  target  properties* 

!•  Suitability  for  fabrication  by  knows  techniques 
of  the  clothing  industry 

2<  Good  seas  efficiency  and  stability 

3*  Adequate  abrasion-  and  flex-reeiotance 

4*  Shall  not  give  off  fuses  upon  application 
of  1000s?  hoot,  which  would  injure  personnel 

5*  Good  flexibility  when  tested  according  to 
flexibility  test  in  OBAF  Specif leatton  NO.-P- 
4143,  except  high  temperature  shall  be  157s? 
instead  of  170s?  and  the  low  t«g>ereture  shall 
bo  -67s? 

0*  Furnish  100  yards  of  fabric,  not  lass  than  36  lnohes 
wide,  on  completion  of  contract* 

0*  Prepare  mA  furnish  20  ooplss  of  each  of  thrse 
quarterly  progress  reports,  and  20  copies  of  a  final  ounary 
report* 
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EXPERIMENTAL  PART 


Experiment  ^3  Comparative  Heat-Stability  of  Selected  Silicone 
Rubber  Compounds 

Object;  To  obtain  data  on  the  heat-stability  of  various 
silicone  rubber  compounds  by  aging  cured  slabs  at  7C0°P« 

Results:  As  a  result  of  aging  tosts  on  seven  silicone 

rubber  compounds,  two  wore  selected  for  the  best  retention 
of  elongation  and  tensile  strength  for  extreme  hlgh-temp- 
erature  work.  The  two  compounds,  2 07-5  and  217,  survived 
eight  hours'  aging  at  700°F,  the  former  showing  slightly 
better  physical  characteristics  after  aging.  Samples  of 
Compound  207-5,  after  eight  hours'  aging,  showed  an  average 
tenail©  strength  of  almost  600  psi  with  25  percent  elonga¬ 
tion,  while  Compound  207-1,  after  only  four  hours'  aging, 
displayed  a  tensile  strength  of  490  psl  and  only  10  percent 
elongation.  Samples  of  Compound  207-1  wore  too  brittle  to 
be  tested  after  eight  hours  of  aging.  Various  blends  of 
Compound  207-1  and  Compound  207-5  were  also  aged,  improve¬ 
ment  being  noted  as  the  percentage  of  Compound  207-5  in  the 
blend  was  increased* 

Procedure:  Several  6  x  6  x  0*075  inch  test  slabs  were  pre¬ 
pared  from  each  compound  and  were  subjected  to  a  press  curs 
of  15  minutes  at  25Q°P,  followed  by  an  oven  cure  of  24  hours 
at  4o0#P*  The  samples  were  out  Into  1x6  inch  atrip*  which 
were  aged  in  a  circulating  air-oven  at  700° P*  After  the 
aging,  standard  dumbbells  were  die-out  from  the  strips,  and 
physical  properties  were  determined. 

Data)  See  Table  1 

Discussion]  it  is  felt  that  Compound  207-5  showed  the  aging 
properties  most  desired  for  a  high-temperature-resistant 
sponge-fabric  compound,  where  retention  of  softness  and 
elongation  are  of  prime  Importance* 

Compound  20@  was  inoludsd  here  as  a  specific  flame- 
resistant  compound* 
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HIOH-TBffERATTOE  (7C0®1T)  AOINO  OF  SILICONS  RU8B2B, 
SUITABLE  FOR  US2  AS  SPONGE  IK  ACID-  ASP  FLAKS.RBXSTAHT  FABRIC1 


Compound 

Modulus 

Tenaile, 

Elong., 

Hardness, 

No. 

1005? 

£222 

Psi 

% 

A  Duro. 

207-1 

Control^ 

380 

625 

625 

200 

75 

1*  Hrs  9  700®F 

1*90 

10 

ICO* 

8  Hr*  * 

Too  Brittle 

8  Hrs  * 

Too  Brittle 

207-23 

Control2 

370 

730 

730 

200 

68 

1*  Hrs  «  700*? 

630 

25 

96 

8  Hr*  * 

Too  Brittle 

8  Hrs  • 

Too  Brittle 

207-31* 

2 

Control 

31*0 

655 

755 

225 

63 

1*  Hre  ®  700*? 

1*60 

Uo 

68 

8  Hr*  » 

600 

10 

99 

8  Hrs  " 

710 

15 

99 

2074*5 

Control 2 

31*5 

625 

71*0 

250 

58 

1*  Hrs  §  700*  F 

1*1*0 

50 

60 

8  Hrs  * 

655 

25 

91* 

8  Hrs  » 

61*0 

15 

91* 

207-5 

Control 2 

310 

61*5 

910 

300 

55 

1*  Hrs  9  700°  F 

585 

1*0 

81* 

8  Hrs  » 

630 

25 

93 

8  Hrs  « 

51*5 

25 

92 

206 

Control  2 

515 

75 

58 

1*  Hrs  9  7Q0*F 

730 

15 

98 

8  Hrs  • 

575 

10 

100* 

8  Hrs  • 

‘Boo  Brittle 

100* 

217 

o 

Control 

260 

675 

675 

250 

50 

It  Hrs  9  700®  F 

1*65 

25 

87 

8  Hrs  * 

670 

15 

91* 

8  Hrs  • 

700 

15 

95 

Notest 

1.  Type  "C"  jaw*  used  on  Scott  Tester  with  tuples  having  1ms  than  2 5  percent 
elongation)  otherwise  standard  Z  clasp j  used. 

2.  All  saaplea  press-cured  15  minutes  at  250*?  and  oven-cured  21*  hours  at  160*?  before 

•ring. 

3.  Blend  of  75  percent  Compound  207-1.  25  percent  Compound  207-5. 

1*.  Blend  of  50  percer  Compound  207-1,  50  percent  Compound  207-5. 

5.  Blend  of  25  percent  Compound  207-1,  75  percent  Compound  207-5. 
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Experiment  2;  Development  of  Sponge-Fabric 

Object;  To  develop  a  sponge  compound  to  meet  the  specific 
requirements  for  a  high-temperature-resistant,  insulating 
sponge-fabric,  i»e«,  minimum  density,  softness,  flexibil¬ 
ity,  and  stability  at  high  temperature* 


Results;  With  the  use  of  the  soft,  high-temperature-resist  nt 
compound  selected  from  the  previous  experiment.  Compound 
<i07-5»  a  flexible  sponge-glass  fabric  combination  of  very 
low  density  was  developed,  suitable  for  continuous  blowing 
and  curing  in  standard  production  equipment*  The  speoifio 
gravity  of  the  7o.  116  glass  fabric-sponge  combination  was 
°*%2 f  thickness  of  3/16  inch,  0.26  at  l/8  inch,  and  0.35 
1/16  inciha  Th®  thlokndsd  Af tor  bloving  And  ourinfl  was 
found  to  be  quite  reproducible  {+  $  percent,  or  loss?,,  and 
curves  relating  over-all  final  tEickness  and  specific  gravity 
with  over-all  initial  thiokness  were  made  (Figures  1  and  2) 
to  facilitate  production  of  sponge-fabric  of  any  desired 
thickness  and  of  mini mum  density*  The  selected  sllioone 
rubber  sponge  compound  was  designated  as  Compound  Ho.  233. 

Procedure;  &  total  of  fifty-nine  sponge-fabric  samples  were 
fabricated  by  the  following  general  procedure.  The  base 
silicone  rubber  compound  was  prepared  by  blending  the  gun 
and  filler  on  a  small  laboratory  rubber  mill.  To  this  were 

S?d!d,iT^ying.,U«OUni8  0f  blowln6  *«•**  curing  catalyst. 
Five  different  lowing  agents  and  three  different  curing 
catalysts,  covering  a  wide  range  of  activating  temperature, 
were  tested  over  wia«  variations  in  consent rati on.  The 
blowing  agent  and  catalyst  were  carefully  blenied  into  the 
rubber  “took  cn  a  cold  mill,  and  the  stock  was  refined  to 
produce  uniform  and  reproducible  blowing.  The  sponge 
compounds  were  then  calendered  onto  Ho.  116  glass  fabric 
to  the  desired  initial  thickness.  Host  of  the  swple*  were 
blown  frees  an  initial  total  thiokness  of  0.035  lnoht  sore* 
were  varied  in  initial  thiokness  from  0.020  Inch  to  O.OkO 
inch.  A  flat  metal  clamp  was  attached  to  each  end  of  each 
strip,  Mid  the  strips  were  suspended  in  a  circulation- air 
oven  to  be  blown  and  cured.  All  samples  wers  blown  and 
cured  within  two  hours  after  preparation  of  tha  compound 
to  Minimise  any  degradation  of  blowing  agent  or  catalyst. 

tmipsreture  was  variad  over  the  range 
300®-4|0®p.  All  swplee  were  heated  at  tha  hL  owing  tmsper- 
680**  ?W*  then  cured  for  one  hour  et 


Data;  See  Figures  1  and  2 

Discussion;  gee  the  main  Discussion  Section  of  this  report. 
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Experiment  }:  Preparation  of  Sponge-Fabric  in  Laboratory  Tower 


Object:  To  prepare  sponge-fabric  in  continuous  lengths,  using 
a  laboratory  tower  to  blow  and  cure  the  sponge. 

Results:  Continuous  lengths  of  glass  fabric  coated  on  one 
side  with  a  soft,  low-density  silicone  rubber  3ponge  were 
fabricated  with  the  use  of  a  four-zone  electrically  heated 
pilot-scale  tower.  Over-all  blown  thicknesses  were  varied 
from  0.074  inch  to  0.035  inch,  with  total  weights  of  1.21 
and  0«86  pound  per  square  yard,  respectively.  The  glass 
fabric  tape  used  was  somewhat  heavier  than  the  No.  116  glass 
fabric  used  in  the  previous  experiment*  The  sponge,  alone, 
showed  specific  gravities  of  0*29  and  0.^2,  respectively. 

Up  to  25  parts  of  carbon  tetrachloride  added  to  small  port’ jns 
of  the  compound  as  a  softener  showed  no  detrimental  effect 
on  the  sponge  product.  Both  the  sponge  compound  and  the 
continuous  method  were  considered  quite  satisfactoz*y« 

Procedure:  Pigure  3  is  a  drawing  of  the  laboratory  vertical 
tower  into  which  glass  fabric  tape  was  fed.  The  tape  passed 
through  two  calender  rolls  at  the  base  of  the  tower,  then 
passed  up  through  the  four  eloctrioally  heated  and  individ¬ 
ually  controlled  zones,  each  being  two  feet  in  length,  then 
out  of  the  top  of  the  tower  and  to  a  take-up  reel.  The 
take-up  reel  and  the  larger  calender  roll  were  driven.  Thv 
tape  passed  through  the  four  zones,  a  distance  of  eight 
feet,  at  a  rate  of  twelve  inch  per  minute,  resulting  in  a 
total  heating  time  of  eight  minutes* 

The  silicone  rubber  sponge  compound,  Mo*  233*  developed 
in  the  previous  experl’"  nt,  wae  prepared  on  a  laboratory 
rubber  mill  Just  prior  o  use.  The  compound  was  removed 
from  the  mill  in  a  convenient  thickneaa  and  was  fed  into 
the  tower  calender  rolls  to  coat  the  glass  fabric  tape. 

Up  to  25  parts  of  carbon  tetrachloride  was  added  to  small 
portions  of  the  stock  as  a  softener,  reducing  the  calender 
load  and  stress  on  the  tape* 

Data:  Olasa  fabrlo  tape,  two  inches  by  0*005  inch,  weighing 
4*2  ounces  per  square  yard,  was  used.  The  tape  speed  was 
maintained  at  twelve  inches  per  minute.  The  optimum  tower 
temperature  ranged  gradually  from  about  350°N  in  the  bottom 
zone  to  about  450°P  In  the  top  zone.  Samples  cut  from  the 
tapes  are  described  la  Table  2* 
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TABLE  2 


SFONGB-TAPE  DATA 


Sample 

No. 

Total  Blown 
Thickness,  Inch 

Weight 
lbs/sq  yd 

Specific  Gravity 
Total  Sponge.Alone 

112 

0.074 

1.21 

0*35 

0*29 

109 

0*065 

1.15 

008 

0.31 

111 

0.057 

1.03 

0.39 

0.31 

110 

0.035 

0.86 

0.52 

0.42 

Diaoutsiont  3ee  the  main  Diaouaaion  Section  of  till*  report 


WADC  TB  55-324 


11 


Experiment  4:  Dispersion  of  a  Silicone  Sponge  Compound 
in  Toluene  and  Carbon  Tetrachloride 

Object:  To  prepare  soft  paste-dispersions  of  a  silicone 
rubber  sponge  compound,  using  either  toluene  or  carbon 
tetrachloride  as  a  dispersant*  To  prepare  sponge  fabrics 
and  to  determine  the  effect  of  those  solvents  on  curing 
and  blowing,  as  compared  with  results  obtained  with  un¬ 
dispersed  compound  (Experiment  2). 

Results:  The  silicone  ruober  sponge  compound  can  be  dispersed 
in  either  of  the  above  solvents.  However,  the  specific 
gravities  of  the  sponge  samples  made  by  dispersion-coating 
were  considerably  higher  than  those  obtained  with  undispersed 
compound  i.e.,  the  ability  of  the  compound  to  spongewas 
seriously  decreased  by  the  presence  of  the  solvents.  Toluene 
was  found  to  be  more  deleterious  than  carbon  tetrachloride 
(see  Table  3)* 

Procedure:  The  silicone  rubber  sponge  oompound,  Mo*  233» 

selected  in  Experiment  2,  was  prepared  on  a  small,  laboratory 
rubber  mill,  and  was  then  dispersed  In  toluene  or  carbon 
tetrachloride  with  the  use  of  a  small  Hobart  electric  mixer* 
Dispersions  with  solid  contents  varying  from  23  to  52  peroent 
were  made  in  this  manner*  Dispersions  having  high  solid 
contents  were  prepared  on  the  mill*  The  dispersions  were 
spread  on  Mo*  116  glass  doth  by  mean*  of  Knowlton  knife- 
eoater  in  the  case  of  the  lees  visoous  mixtures*  The  etiffer 
mixtures  were  applied  by  e  three-roll,  laboratory  calender, 
as  noted  in  Table  3*  After  a  drying  period  of  one  hour  at 
room  temperature,  the  temple*  were  suspended  and  cured  in 
an  a lr-olro dating  oven  for  30  minutea  at  u00oF*  The 
specific  gravity  and  weight  per  square  yard  of  each  sample 
were  then  measured  end  recorded* 

Us tat  Date  may  be  found  in  Table  3* 
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Experiment  St  Application  of  Acid-Resistant  Coatings 

Object:  To  determine  the  best  methods  for  applying  various 
acid-resistant  barrier  materials  onto  the  face  of  heat- 
resistant  fabrics.  {The  question  of  adhesion  is  covered  in 
Experiment  6). 

Results:  Several  satisfactory  coating  techniques  were  devel¬ 
oped,  and  samples  were  prepared  for  H-oell  tests.  poly- 
fluoron,  Kal-P  Elastomer,  and  a  polyethyl  ene-Viatanex  blend 
were  used  as  acid-resistant  coatings. 

Procedure: 

1.  Spray  Coating 

»*  Polyfluoron  (polyohlorotrifluoroethylsBS) 

Two  6x6  inch  samples  of  Vaoal-fabrlo  (raouvua- 
deposlted  aluminum  on  lo.  116  glass  fabric)  were  fastened 
to  an  aluminum  sheet  and  afcretohed  tight.  A  Polyfluoron 
dispersion,  diluted  with  Dispersant  "a"  to  about  20  percent 
solids,  was  sprayed  on  the  Vaoal-fabrlo  to  a  wet  thiotene&s 
of  about  0.002  inch,  and  the  samples  were  immediately  plaaed 
in  an  oven  at  u604P  for  20  minutes.  The  samples  were  then 
removed  from  the  oven,  and  one  of  them  was  quenched  in  water. 
This  procedure  was  repeated  twloe,  the  one  esmtple  being 
quenched  after  fusion  of  eaoh  coating,  a  good  film  resulted, 
approximately  two  mils  thick,  but  a  brownish  ad"  or  was  evident 
in  the  coating.  Several  pairs  of  samples  were  run  to  check 
this  phenomenon,  but  the  brown  color  persisted. 

In  order  to  eliminate  this  coloration,  the  Vaoai-fabrio 
was  pretreated  at  600*p  for  on*  hour  to  raaeve  any  volatile 
material,  tfhsn  the  pretree ted  fabria  wee  apray-ooated  in 
the  manner  described  above,  a  colorless,  transparent  coating 
(0.002  inch)  resulted.  A  drop  of  fuming  nitric  acid  placed 
on  thv  surface  did  not  appear  to  penetrate  or  discolor  the 
aluminum  beneath* 

The  above  Polyfluoron  dispersion  was  modified  by  the 
addition  of  10  parts  by  weight  of  aluminum  powder  per  one 
hundred  parts  of  resin  solids*  TUI*  materiel  waa  spray- 
coated  onto  Ko.  116  glass  fabric,  fused,  and  quenched  as 
above.  Two  coats  were  followed  by  one  coat  of  clear  Poly- 
fluoron  to  yield  a  finished  coating,  0*002  inch  in  Chi  okness. 
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b.  Kel-P  Elastomer 


Two  6x6  inch  samples  of  Vacal-fabrie  wop®  fastened  to 
an  a]  unimam  sheet  and  spray-ooated  with  a  5  percent  solution 
of  Kal-P  Elastomer  gum  in  a  mixture  of  methyl  isobutyl 
ketone  and  toluene  (50t50),  to  which  had  been  added  3  parts 
of  benzoyl  peroxide*  Eight  spray  passes  were  applied,  four 
in  each  direction*  The  coating  was  dried  and  then  baked  at 
300°P  for  30  minutes*  Due  to  the  fact  that  the  Vasal -fabric 
was  not  heat-treated,  the  bream  oolor  was  again  in  evidence, 
but .otherwise  la  coating  appeared  to  be  very  good*  On 
repeating  the  above  procedure  using  heat-treated  Vacal -fabric > 
colorless,  transparent  coatings,  about  0*002  inoh  thick,  were 
obtained*  A  d rep  of  fuming  nitric  acid  did  not  appear  to 
penetrate  the  coating  nor  was  the  aluminum  beneath  discolored* 

o«  Polyethyl ene-Vistane*  (4.0160  blend) 

Attempts  were  made  to  spray- coat  Vacal -fabric  with  a  5 
percent  solution  of  the  polyethylone-Viatanex  blend  in 
toluene*  Good  films  were  not  obtained,  due  to  the  viscosity 
of  the  solution*  Further  experimentation  on  this  method 
was  not  considered  practical  at  that  time* 

2*  Knife  Coating 

a*  folyfluoron  (polyohlorotrifluoroethylene) 

A  hoi land  cloth  leader  was  stretched  in  the  Knowlton 
Coster,  and  two  6x6  inoh  samples  of  heat-treated  Vacal- 
fabrio  were  taped  flat  to  Its  surfaoe.  The  knife  was 
adjusted  to  Just  cl oar  the  samples,  and  the  Polyflucrcn 
dispersion  (41  percent  solids)  was  placed  an  the  leader* 

The  knife  was  then  smoothly  drawn  over  the  samples  to  give 
an  even  coating*  The  knlfs  was  reset,  and  a  pass  was  sade 
In  ths  opposits  direction*  Fusion  was  accomplished  by 
baking  At  1}80°P  for  20  minutes*  Samples  were  quenched  after 
fusion*  This  procedure  resulted  in  a  fused  coating  having 
a  thickness  of  about  0*000$  Inoh*  Two  more  coats  were 
applied  In  the  seme  manner,  a  final  coating  having  a  thick¬ 
ness  of  about  0*001$  Inch  being  obtained*  A  smooth,  even 
coating  resulted  which  was  apparently  Impervious  to  fuming 
nitric  sold  (drop  test)*  lo  brown  discoloration  was  evident 
in  any  of  the  samples* 

The  above  Pnlyfluoron  dispersion  (ill  peroent  solids)  was 
modified  by  the  addition  of  10  parts  of  aluminum  powder  per 
one  hundred  parts  of  resin  solids*  This  mixture  was  knlfe- 
00a ted  onto  Mo*  116  glasa  fabric,  fused,  and  quenohed  as 
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above*  Two  coats  were  followed  by  on©  coat  of  clear  poly- 
fluoron  to  result  In  a  finished  coating,  0*002  inch  in 
thickness* 


b.  Kal^P  Elastomer 

Two  6x6  inch  samples  of  Vacsl -fabric  were  taped  to  the 
leader,  and  coatings  were  prepared  ia  the  manner  described 
above,  using  a  10  percent  solution  of  Kel-F  Elastomer  gum, 
to  which  s  parts  of  hensoyl  peroxide  were  added*  The  coating 
was  allowed  to  air-dry  to  a  tacky  consistency  before  thee 
samples  were  placed  in  an  oven  at  300°P  for  30  minutes*  A 
smooth,  even  coating,  about  0*00025  inch  thick,  resulted* 

Two  more  coatings  wJr®  applied  in  the  same  way,  a  final 
coating  having  a  thickness  of  about  0*00125  inch  being 
obtained*  The  coating  was  transparent  and  quite  flexible* 

Aluminu®  powder  (10  parts  per  on*  hundred  parts  of 
polymer)  wa»  added  to  the  K«l-P  Elastomer  solution  above* 

This  mixture  was  knife -coated  onto  Ho*  116  glass  fabric  in 
the  sam®  manner  as  above,  and  was  dried  and  cured.  Two 
coats  were  followed  by  one  clear  coating  to  produce  a  fin¬ 
ished  coating,  0*002  Inch  in  thickness* 

Knife-coatings  were  also  made  on  Ho*  116  glass  fabric 
using  Kel-P  Elastomer  compounded  as  follows  (designated 
Compound  Ho*  @9  by  the  W*  Kellogg  Company  and  recommended 
for  acid-resistance) s 

Ke3-P  Elastomer  100  parts 

Zinc  Oxide  10  * 

Dypkcs  10  * 

Benaoyl  Peroxide  3  * 

This  compound  was  prepared  on  a  standard  rubber  mill 
and  was  disporsed  as  10  perosnt  solids  in  a  50 s 50  mixture 
of  methyl  isobutyl  ketone  and  toluene*  Three  coats  were 
applied,  aa  above,  to  produce  a  finished  coating,  0*002 
inch  in  thickness  a 


Pjl y e thy lens-Vls tan# x  (4.Q16O  blend  1 


Ho  difficulty  was  encountered  in  the  knife-coating  of 
the  polysthylene-Viatansx  blend,  provided  the  solution  was 
applied  hot  (160-180®P).  A  5  psrcsnt  solution  was  used  in 
this  experiment.  The  hot  solution  was  poured  onto  the 
leader,  and  the  Vaoal- fabric  samples  wsre  knife-coated  once 
in  each  direction.  They  were  then  allowed  to  alt  dry  before 
being  finally  dried  in  an  ovan  at  160*P  for  15  minutes* 


WADC  TR  55-3^4 


16 


Three  coats  ware  applied  in  this  way,  and  an  excellent-  film, 
about  0«002  inch  thick,  resulted*  A  drop  of  fuming  nitric 
acid  did  not  appear  to  penetrate  the  film* 

The  above  solution  of  polyethylene-Vistanex  was  pigmented 
wi th  10  parts  of  aluminum  powder  per  one  hundred  parts  of 
polymer,  and  knire- coated  onto  No".  116  glass  iabric.  Two 
coats  were  followed  by  one  clear  coating  to  produce  a  fin¬ 
ished  coating,  OoOO 2  inch  in  thickness* 

Discussion;  See  main  Discussion  Section  of  this  report* 
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Experiment  6: 


Adhesion  of  Sponge  and  Acid-Resistant  Coating 
to  Class  Fabric 


Objects  To  obtain  satisfactory  adhesion  of  a  Polyfl-oron 
coating  and  a  silicone  sponge  rubber  coating  on  opposite 
sides  of  glass  fabric* 

Results s  Satisfactory  adhesion  of  both  the  slum! nun- pigmented 
Folyfluoron  coating  and  the  silicone  rubber  sponge  c.j  glass 
fabrio  was  obtained  by  an  initial  spray  application  of  a 
thin  priming  coat  of  Folyfluoron  to  one  side  of  the  glass 
fabric  before  calendering  the  silicone  rubber  compound  on 
the  opposite  side*  Application  of  the  rubber  compound  as 
the  first  step,  followed  by  spraying  or  knifing  the  Poly- 
fluorcn  on  the  opposite  side  of  the  f auric  resulted  in  poor 
adhesion  of  the  Polyfl uoron  to  the  glass  (and  rubber)  surface* 
Completion  of  the  Folyfluoron  coating  (0*002  inch  thick)  on 
one  side  of  the  glass  fabric  before  application  of  the  rubber 
compound  to  the  opposite  side  resulted  in  sufficient  strike- 
through  of  the  plastic  to  cause  poor  adhesion  of  the  rubber 
coating  to  the  fabric* 

Standard  glass  fabrio  (as  received)  showed  approximately 
the  same  results  as  heat-treated  glass  fabric  (organlo 
sizing  removed}* 

Materials:  lo*  116  glass  fabric 

(a)  As  received 

(b)  Heat-treated  (heated  at  elevated  temp¬ 
erature  to  burn-off  the  organic  sizing) 

Folyfluoron  dispsrslon,  10  parts  aluminum  powder 
per  100  parts  resin  solids  added,  diluted  to 
20  percent  and  10  peroant  solids  with  Dispersant 
"A". 

Dispersant  "A1*  (a  chlorinated  hydrocarbon  solvent) 

Silicone  rubber  sponge  compound  Ro*  233  (*•• 
Sxperlment  2) 

Procedure :  Folyfluoron  dispersion  (1*0  percent  solids)  was 
diluted  to  20  peroent  or  10  peroent  solids  by  the  addition 
of  Dispersant  "A",  and  was  applied  as  a  thin  spray  coating 
on  glass  fabric*  The  fabrio  samples  were  plaoed  in  an  oven 
at  4.8o*P  for  20  minutes^  than  removed  and  quenohsd*  Silicon# 
rubber  sponge  compound  Ro*  233  was  applisd  by  means  of  a 
three-roil  calsndsr  to  tha  oppoalts  slds  of  the  doth*  The 
eponge-fabrlo  was  plaoed  in  an  oven  at  4 00°F,  for  30  minutes. 
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to  blow  and  cure  the  sponge.  -'Is  Indicated  In  Table  4,  the 
sponge  compound  was  applied  as  the  first  coating  on  several 
of  the  samples.)  Two  heavier  spray  coatings  of  Polyfluoron 
were  then  applied  to  the  fabric  and  fused,  individually,  to 
result  in  a  final  coating  thickness  of  0.006  inch. 

Strips,  8  inches  by  1  inch,  were  cut  from  the  fabric 
samples,  and  the  Polyfluoron  coating  was  peeled  off  at  a 
100°  angle  on  a  Scott  Tester  to  determine  the  strength  of 
the  bond  between  the  Polyfluoron  film  and  the  gLass  fabric. 

Data 1  See  Table  k* 
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TABLE  k 

ADHESION  OP  PQLYFLUOROS  TO  GLASS  FABRIC 


No.  116 
Glass  Fabric 


Order  of  Application  of  Coatings 
1st  2nd  3rd  \ 


tr -Glass 
Ao,  oslon 
Ib/in  Width 


a.r.* 

H.T. 

A«R* 

H.T. 

A*R* 

H.T. 

A*R. 

H.T. 

A.F 

H.T. 


20%  PF^  Sponge 

r  « 

10*  PP  * 

N  M 

Dis| -  A^  * 

Sponge  10*  PP 

■  • 

•  Dlsg.  A 


PP 

1.50 

m 

1.50 

« 

1.25 

a 

1.00 

e 

1.00 

e 

0.50 

0 

0.25 

R 

0.75 

U 

0.10 

a 

0.10 

ft 

ft 

9 


20%  PP 
■ 


1.  As  reoeived  No.  116  glass  fabrle 

2.  Heat-treated  No.  116  glass  fabrle 

3.  Polyfl uoron  dispersion,  to  whlah  10  parts 

alualnua  powder  were  added 

4.  Dispersant  "A* 
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Experiment  7»  Peroxide  Cure  of  Polyethylene  and  Polyethylene- 
Vlatanex  Blende 

Object)  To  determine  the  curing  effeot  of  diouayl  peroxide 
In  polyethylene  aid  polyethylene-Vistanex  blends,  as  evi¬ 
denced  by  physical  properties,  softening  point  and  elevated- 
temperature  relaxation. 

Seaultaj  The  addition  of  four  parte,  or  more,  of  dicumyl 
peroxide  to  polyethylene,  followed  by  heating  under  pressure 
at  325°P,  effected  appreciable  cross-linking  of  the  polymer 
chains,  as  evidsnoed  by  the  loss  of  characteristic  flow 
properties  of  the  polymer  at  250°P.  The  addition  of  four 
parts  of  the  peroxide  to  an  80i20  blend  of  polyethylene! 
Vistonsx  effected  considerable  improvement  in  the  physical 
properties  and  again  produced  a  cross-linked  produot  which 
did  not  flow  under  load  at  2$0°P.  In  a  60 1 4.0  blend  of 
Polyethylene  and  Vlatanex  it  appeared  that  the  peroxide  was 
effecting  crosa-llnklng  only  in  the  polyethylene*  While 
the  blend  produced  a  cured  material  stable  under  load  at 
250°P,  the  Vlatanex  portion  of  the  blend  apparently  was 
somewhat  depolymerized  resulting  In  a  tacky  aurfaoe,  and 
reduced  tensile  strength,  elongation,  and  hardness* 

The  pbyeioal  properties  of  polyethylene  were  varied 
considerably  by  the  addition  of  one  to  eight  parts  of 
dicumyl  peroxide  (Pigura  4)*  One  and  two  parte  of  the 
curing  catalyst  caused  setae  softenlj^  and  a  large  i  nor  ease 
in  ultimate  elongation,  together  with  a  one  id arable  increase 
In  tensile  strength*  Elongation  and  tettwle  strength  both 
reached  a  maximum  with  two  to  three  parts  of  the  catalyst 
and  fell  off  rapidly  with  a  lx  and  el  ght  part*  to  value* 
somewhat  above  those  for  the  un  catalysed  control*  The 
stress-strain  curve  (Figure  5)  showed  comparatively  little 
change  la  shape,  mainly  extending  in  length  with  the  high* 
elongation  compounds* 

k  high- temperature  relaxation  teat  lndloeted  beet  the 
effeot  of  the  peroxide  cui •  of  tha  polyethylene  (Figure  6)* 
The  oontrol  sample  became  a  soft  fluid  within  a  minute 
after  being  placed  in  an  slr-olroulatlng  oven  at  25C‘P. 

One  part  of  the  peroxide  decreased  the  flow  slightly.  The 
polymer  containing  two  parts  of  catalyst  elongated  slowly, 
finally  rupturing  at  an  elongation  of  6?  percent  after 
thirteen  hours.  Four  and  six  part*  of  catalyst  effected 
praotically  no  elongation  up  to  about  twenty  hours,  when  a 
gradual  Inorease  occurred*  The  polymer  containing  wight 
parte  of  oatalyst  showed  no  change  in  elongation  after 
twenty-four  hours  at  2S0*F» 
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Softening  points  of  the  polyethylene  compounds  varied 
little  op  none  with  varying  amounts  of  catalyst  (Figure  ?)» 
This  property,  controlled  mainly  by  the  melting  of  the 
crystallites,  was  apparently  unaffected  by  the  cure. 

Resistance  of  the  polymers  to  penetration  by  white  fuming 
nitric  acid  was  increased  significantly  by  the  peroxide  cure 
(Table  7  and  Figure  8).  The  resistance  of  the  polyethylene- 
Vistanex  blends  was  considerably  better  than  that  of  the 
polyethylene  above,  which  agrees  with  results  found  earlier 
in  this  laboratory  under  another  contract  (1)  • 

Procedural  compounds  comprising  one  hundred  parte  of  poly¬ 
ethylene  (Alathon  Ho*  1)  and  one  to  eight  parts  of  dicumyl 
peroxide  were  prepared  by  mixing  the  softened  polymer  with 
the  peroxide  on  a  standard  laboratory  rubber  mill,  the  rolle 
being  maintained  at  a  temperature  of  l80°P*  The  reeulting 
blends  were  compression-molded  into  6  x  6  x  0*063  inch 
sheets  in  a  hydraulic  press  at  325°P  for  thirty  minute* 
under  500  psi  pressure,  followed  by  an  oven  oure  of  one  hour 
at  300°P.  Blends  of  polyethylene  with  Vistanex  B-00  were 
prepared  in  a  similar  manner* 

The  physical  properties  were  determined  on  a  Scott  Tester, 
using  Gne- quarter- inch  dumbbell  samples  out  from  the  molded 
sheets* 

For  the  relaxation  test,  duplicate  stripe,  2  3/4.  x  l/2 
inch,  were  cut  from  the  molded  sheets,  and  two  parallel 
lines,  one  Inch  apart,  were  marked  at  the  center  of  eaoh 
atrip*  A  clamp  provided  with  rubber  Inserts  waa  • soured 
to  eaoh  end  of  the  strips*  k  suitable  weight  to  provide 
the  desired  loading  (10  Ibe/eq  in.)  was  attached  to  one 
clamp  on  each  strip,  and  the  other  damp  was  uaed  to  suspend 
the  strips  in  an  ai r-olroulatlng  oven  at  250°P*  After 
removal  of  tho  etrlpa  from  the  oven,  the  clamps  were  detached 
and  the  stripe  were  allowed  to  rest  at  room  temperature  for 
one  hour,  after  which  the  tension  ee  wee  measured  and  ex- 
preaeed  as  percentage  of  the  maximum  elongation  idiloh  had 
been  reached  at  250°?* 

The  softening  points  were  measured  by  a  procedure  closely 
approximating  ASW-D-bqS-hST*  Tsst  strips,  2  3/4  *  l/2  x 
l/l6  inch,  were  placed  on  parallel  supports, two  inches  apart* 
A  load  of  21*5  grams  was  applied  to  the  center  of  the  etrlpa, 
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midway  between  the  parallel  support*,  two  inches  apart*  The 
essewbly  was  iamsersad  in  glycerine,  and  the  temperature  was 
•lowly  raised  to  l80°F.  The  bending  of  the  strip  by  the  load, 
indioated  by  the  downward  defleotlon  of  the  load,  was  noted 
as  the  temperature  was  increased* 

The  aoid-penetration  testa  were  run  in  the  H-Cell  with 
white  fusing  nitric  sold  (see  Experiment  10  for  a  description 
of  the  H'Cell  and  procedure)*  The  polyethylene  and  polyethylene- 
Viatansx  blends  were  caaprsssion-molded  into  6  x  6  x  0*010 
lnoh  sheets,  and  press-cured  ard  ovwc- cured  as  described  above 
on  the  thloker  sheets.  The  0.010  inch  sheets  were  placed  in 
the  B-CtiLl  as  diaphragvs,  at  described  in  Experiment  10* 

Datat  See  Tables  5,  6,  and  "  and  Figures  4  to  6. 

Discussions  See  the  main  Discussion  Ssotion  of  this  report. 
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TABLE  5 

PHYSICAL  PROPERTIES  OP  POLYETHYLENE  COMPOUNDS 


Press-Cured  30  Minutes  at  325°F,  Oven-Cured  1  Hour  at  300°P 

,  Eion-  Hardness 


Curingjigeat1 , 
Phr^ 

Thickness, 

Inch 

Modulus , 
100#  200% 

psl 

400% 

Tens ile, 

psi 

gat ion. 

Shoi 

v 

0 

•  074 

830 

— 

— 

835 

120 

35 

1 

•  O64 

730 

770 

920 

1220 

SuO 

30 

2 

.069 

760 

835 

1090 

1250 

450 

30 

4 

.066 

800 

875 

1550 

1550 

400 

32 

6 

.077 

720 

— 

— 

830 

175 

35 

8 

•  062 

690 

950 

-  »- 

950 

200 

35 

lotas  s 

1.  Curing  Agsnt  s  ulcumyl  peroxide 

2.  phr  =  parts  par  hundred  parts  of  resin 
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TABLE  6 


RSLAXATIOK  OP  POLYETHYLENE  COMPOUNDS  AT  250°  F1 

Samples  Press-Cured  30  Minutes  at  325°P,  Oven-Cured  1  Hour  at  3C0°P 
Applied  Load-10  Pounds  per  Square  Inch 


Curing  Agunt^,  - SSSMUffij-  - - -  Tension 

Phi»  A  Kin  d  VI  n  nfl  Min  11  P.,  IIm  Qat-  ■> 


- 'O  —  0 9 

Phr 

3  Hln 

£  Min 

40  Min 

13  Hr  s 

2u  Hrs 

Set,  * 

0 

Completely 

Deformed 

— 

— 

— 

... 

— 

1 

— 

250 

Ruptured 
(S  300*) 

— 

— 

6 

2 

— 

12 

3? 

Ruptured 
<•  67*) 

— 

16 

k 

— 

12 

12 

12 

25 

37 

6 

— 

6 

6 

6 

12 

12 

8 

... 

6 

6 

6 

6 

6 

Hoteai 

1 •  Selected  date;  ocoplete  data  are  indicated  In  Fiauree  4  to  ?. 
2-  Curing  Agent  3  dloussyl  peroxide 

3*  Percent  retained  of  the  total  elongation,  one  hour  after 
releaee  of  load 
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TAILS  7 

PBOfHRTIES  Cf  XLYimm  At5?  IQLYBTggCEIl-VISTAygX  ELMOS 


Praaa-Curad  JO  Mlnutaa  at  325*P,  Osao-Curad  1  Hour  at  300»P 


Coapoaitlon 

Curing* 

Far 

Tamila, 

P.»l 

J0.OE- 

iatlon, 

£ 

Hardnaaa 

3faora*D* 

Along* tic«  i.  Aft*.?8' 

— nsiH — fc  *?«V 

Aold 

Pan. 

loura 

100  Fg 

0 

855 

120 

32 

Coaplataly 

Dafrraad 

— 

8 

• 

4 

UOO 

400 

35 

... 

15 

9 

■ 

8 

900 

200 

35 

— 

4 

10 

60  US,  20  VUt  0 

865 

sso 

30 

Cooelatal? 

Oafomaad 

^ m 

35 

ft  ft 

4 

1415 

42s 

29 

mmm 

15 

68 

ft  ft 

8 

1270 

400 

29 

— 

12 

58 

60  PH.  40  nat  0 

630 

400 

22 

OoaDlatalf 

DaxbraaA 

27 

•  ft 

4 

450 

£80 

17 

«asa«u 

20 

37 

ft  ft 

SotMt 

8 

740 

300 

17 

12 

41 

1.  Curing  A*  ant  *  sSlovaryl  *arorida 

2.  fuapandM  at  250*P  uadar  appllad  load  of 

10  pai  for 

tho  pa  riot  IndleataA* 

3<  H-Call  paaatrwtlca,  wMl»  ftmlng  altrla  *oid,  hours  to 

pfcaaaga  of  2*5  (nm  of  aoi4  par  aguax*  a*  tar  of 
•ipcaad  am» 


& 
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0.4  EFFECT  OF  CATALYST  ON  TENSILE  STRENGTH 
AMO  ELONGATION  OF  POLYETHYLENE 


0 


KX>  200  300  400  500 

ELONGATION,  *6 


R0.5  EFFECi  OF  CATALYST  ON 
STRESS* STRAIN  CURVE 
FOR  POLYETHYLENE 
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jjagerlnmnt  8;  Globar  Insulation  Teats 

Object j  The  purpose  of  this  experiment  was  (1)  to  determine 
the  insulation  properties  of  various  fabrics  when  instan¬ 
taneously  exposed  to  radiant  heat  at  1000°?,  the  temperature 
on  th  back  of  the  fabric  being  ^iarmined  after  exposure 
for  10  seconds ,  and  (2)  to  determine  the  maximum  temperature 
reached  on  the  back  of  the  fabric  and  the  time  taken  to 
reach  this  temperature* 

Results j  The  presence  of  a  highly  reflective  aluminum  surface 
was  found  to  be  the  most  important  feature  for  protection 
against  radiant  heat  (?igure  15)*  An  aluminum  foil  surface 
(Rayfoil)  was  somewhat  superior  to  a  vacuum  deposited 
aluminum  surface  (samples  162-165)  which,  however,  was  an 
excellent  heat  reflector* 

The  outstanding  samples  in  the  group  were  those  consisting 
of  silicons  rubber  sponge  0*100  inoh  or  greater  in  thickness 
with  a  vacuum  deposited  aluminum  reflective  surface  (samples 
171,  172,  and  173)*  These  showed  only  a  2$#P  rise  in  temp¬ 
erature  on  the  side  opposite  to  that  exposed  to  1000°P 
radiant  heat  for  10  seconds* 

The  application  of  a  thin  (0*002  inoh)  polymeric  coating 
on  the  faoe  of  the  reflective  aluminum  surface  (samples  174, 
176,  176  and  179)  reduced  the  reflection  of  heat  considerably* 
The  aluminua-plgaented  polymeric  coatings  (samples  177  and 
161)  absorbed  sure  heat  than  the  polymer-coated  aluminum 
surfaces,  but  were  still  more  reflective  than  unooated  glass 
fabric  surfaces  (samples  166  and  167 J  also  compare  180  and 
161). 

Materials;  The  fabrics  used  were  as  follows  (thicknesses 
and  weights  shown  in  Tabls  8)*  They  were  prepared  as 
indloated  in  Experiments  5  end  6t 

161 .  Asbestos  fabric,  Johns-Manvllle  No*  WE- 5011 

162.  Rayfoil,  0*001  Inch  aluminum  foil  adhered  to  glass 
fabric 

163.  Vacuum-deposited  aluminum  on  No*  116  glees  fabric 
(denoted  “vaoal"  below,  and  in  Table  8)* 

I64*  Vacuum-deposited  aluminum  on  s  lightweight  asbestos- 
glass-cotton  fabrlo,  plain  weave* 

165*  Vacuum-deposited  aluminum  on  a  heavier  asbestos 
fabric,  herringbone  weave* 
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166.  Glass  fabric  (Ho*  116),  with  a  silicone  sponge  backing 
(Compound  No.  2 33*  Experiment  2),  thickness  0*032  inch. 

167®  Same  as  #166,  except  thickness  0*063  inch. 

166&*  Fabric  #163  (Vac&l)  with  a  silicone  sponge  backing 
(compound  No*  233,  Experiment  2),  thickness  0*01 8 
inch* 

168b*  169A,  169B*  Same  as  #168&,  slight  differences  in 
thickness  and  weight  (Table  6). 

170.  Same  as  #168a,  oxoept  thickness  0*057  inch. 

1?1.  Same  as  #l68i,  except  thickness  0*099  inch. 

172®  Same  as  #1686,  except  thickness  0*100  inch. 

173*  Same  as  #168a,  except  thickness  0*261  inoh* 

174&*  Sa»«*  as  #l6fiA»  except  e  coating  of  clear  Folyfluoron 

(0*002  inch)  on  the  aluminum  face,  and  overall  thickness 
0*044  inch. 

174B*  Sss@  as  #1746*  except  overall  thickness  0*056  inoh. 

175®  Sams  as  #l6Qi,  axoept  a  coating  of  dear  Kel-F 
elastomer  gum  (0*002  inch)  on  the  aluminum  feoe, 
and  overall  thickness  0.045  inch* 

176*  Sams  as  #1606,  except  e  coating  of  clear  cured 
polyethylene  (0*002  inch)  on  the  aluminum  face, 
end  overall  thioknese  0.052  inch* 

177*  Seme  as  #166,  axoept  a  coating  of  aluminum  pigmented 
Folyfluoron  (0*002  inch)  ">n  the  glass  fabric  face, 
and  overall  thioknese  0*040  inch. 

giwe  ©a  #166,  except  &  coating  of  aluminum  pigmented 
otired  polyethylene  (0*002  inch)  on  the  glass  fabric 
face,  end  overall  thickness  0*0 i'O  inoh. 

Same  as  #161,  except  a  costing  of  aluminum  pigmented 
Folyfluoron  (0*0u0  inch)  on  one  aide. 

170.  Sasss  44  #164*  except  a  costing  of  clear  Folyfluoron 
(0*002  inch)  the  aluminum  face. 

179*  Seas  as  #16$,  except  a  coating  of  clear  Folyfluoron 
(0*002  inch)  on  the  al^minua  face. 
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ELECTRICAL  CONNECTIONS 
j - OLOBAR 


FIG. 9  GLO0AR  RADIANT  HEAT 
EXPOSURE  TEST 


% 
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Procedure:  A  Globar  heater  (Figure  9  and  10}  was  prepared, 
similar  to  one  described  in  Specification  MIL- 0*8240  (USAF). 
The  base  of  the  hooter  was  of  Transits  and  Marinite,  upon 
whioh  was  mounted  a  vertioal  frame  of  Trans ite,  14  z  16 
Inches  with  a  6  x  8  inah  opening  in  it,  and  the  opening 
fitted  with  a  sliding  gate*  At  a  distance  of  3*4  inches 
from  the  aperture  was  mounted  a  vertioal  Slobar,  partially 
surrounded  by  an  aluminum  reflector  whose  horizontal  oross  - 
section  formed  half  of  an  ellipse  of  formula  (3x)2  ♦  (i*.- 5y ) 
The  upper  part  of  the  heater  was  ooverad  by  a  hood  made  of 
thin  aluminum,  in  order  to  minimise  chimney  effects*  The 
fabric  sample  was  attaohed  across  the  6x8  inch  opening  of 
a  box  of  Inside  dimensions  6x8x6  inohto*  Inside  the 
box,  and  touching  tha  back  ( non-ref leotive  aide)  of  ths 
fabric  were  five  fine-wire  (Kg*  iron-cons tantan)  thermo¬ 
couples  connected  in  psrsllel  end  to  a  pyrometer*  On  the 
Olobar  side  of  the  gate  in  the  vertioal  Transits  frame,  a 
heavier  thermocouple  (Vo*  24  iron-ocas  tantan)  was  mounted 
one-quarter  Inch  in  front  of  ths  gate* 

In  operation,  the  fabric  sample  was  attaohed  across  ths 
opening  of  the  box  and  the  box  and  sample  held  apart  from 
the  Tr  ana  ite  frame  and  Global*.  The  Olobar  was  heated 
(about  60  volte  and  20-23  amperes,  yielding  approximately 
2600*7  at  the  Olobar  surface)  and  the  voltage  adjusted  to 
show  1000*7  on  the  thermocouple  mounted  in  front  of  the 
gate*  The  simple  (attached  to  the  boot)  was  then  pressed 
manually  against  the  opening  in  the  transit!  frame,  and  the 
gate  opened*  The  temperature  on  tha  cold  side  was  noted 
after  10  seconds,  at  which  time  the  bom  and  sample  were 
removed  from  the  frame,  and  tile  gate  dosed*  Ths  maximum 
temperature  reached  on  the  back  of  ths  sample  was  recorded 
and  the  total  time  required  to  reach  that  temperature  was 
noted* 

Data  1  The  data  fer  the  various  fabrics  in  this  test  are 
presented  with  the  1000*7  steam  teat  data  in  Table  8* 

The  01. -Wr  data  are  shewn  graphically  in  Tiguree  11  to  15« 
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FIG,  II  G  LOBAR  TESTS,  GROUP 
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FIG.  13  GLOBAR  TESTS,  CROUP  3. 
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no.  14  GLOBAR  TESTS, CROUP  4 


Experiment  9 t  10Q0°F  Steam  Insulation  Testa 


Object:  The  purpose  of  this  experiment  was  (1)  to  determine 
the  insulation  properties  of  various  fabrics  when  instan¬ 
taneously  exposed  to  superheated  steam  at  1000°F,  the 
temperature  on  the  back  of  the  fabric  being  determined  after 
exposure  for  10  seconds;  (2)  to  determine  the  maximum  temp¬ 
erature  reached  on  the  back  of  the  fabric  and  the  time 
taken  to  reach  this  temperature;  and  (3)  to  determine  the 
amount  of  superheated  steam  which  passed  through  the  fabric, 
recorded  as  grams  of  water  per  square  meter  of  fabric* 

Results;  The  data  indicate  that  the  bast  insulating  material 
against  contact  with  1000°F  steam  was  a  thick  non-poroua 
material  having  low  heat  conductivity*  The  presence  of  a 
highly  reflective  surface  was  of  leas  importance  than  the 
thickness,  but  the  effect  of  the  reflective  surface  was 
quite  noticeable  (Figire  22)* 

All  of  the  ordinary  fabrio  samples  without  a  silicone 
rubber  sponge  backing,  except  ■Rayfoil"  (0*001  Inch  aluminum 
foil  on  glass  fabric!,  allowed  passage  of  a  significant 
amount  of  water  vapor*  Only  the  thinnest  sponge-fabric 
samples  (0*020  inch}  allowed  passage  of  a  measurable  amount 
of  water  vapor,  and  these  allowed  only  2*0  grams  per  square 
meter  of  exposed  area*  The  water  vapor  transmission  of  the 
*Vaoal"  (vacuum-deposited  aluminum  on  Ho*  116 glass  fabric) 
was  also  low* 

The  outstanding  samples  of  the  group  were  the  thick 
sponge- fabrlos  (0*10  and  0*26  inch,  weighing  only  1*5  *hd 
3*1  pounds  per  square  yard,  respectively)  which  *uo»ed 
maximum  temperature  rises  on  the  back  side  of  only  oii0  and 
50°  after  ten  second**  exposure  to  1000°F  a  tea*. 

Katerialst  3ee  the  list  of  fabrics  described  under  Experiment 
8.  The  same  fabrics  were  tested  in  this  experiment  (Table  8)* 

Frooedure*  Figure  16  is  a  detailed  drawing  of  the  equipment 
used  In  this  experiment.  Basical  ly,  the  equipment  is  best 
described  as  having  two  major  components.  The  first  con¬ 
sisted  of  a  low-;.  res  sure  steam  gerorator,  a  heat  exchanger 
and  a  flanged  bell*  A  gate  immediately  in  the  "car  of  the 
flange  allowed  the  entire  bell  chamber  to  be  preheated  to 
1C0O*F  by  superheated  steam*  A  wi  re-s  *  r en  diffuser  was 
introduced  In  the  path  of  the  steam  at  the  entrance  to  the 
bell  to  prevent  a  Jot  eifeet*  The  second  component  consisted 
of  a  drying  train  for  the  air-intake  and  an  absorption  train 
for  the  moisture  determination,  both  connected  to  a  second 
flanged  bell.  The  oven-dried  sample  was  held  tightly  against 
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this  flange  by  means  of  a  flat  steel  ring  with  four  lug  bolts.. 
Securely  cemented  to  both  sides  of  this  ring  and  also  tc  the 
face  side  of  the  bell  flange  a ere  silicone  sponge  rubber 
gaskets  to  insure  an  air-tight  seal*  Tha  diameter  of  the 
exposed  sample  was  Z  5/8  inoh«s* 

In  operation  the  aspirator  u&s  turned  on,  and  two  blank 
determinations  were  run  on  the  sample  to  insure  against  any 
mo  ature  whleh  might  have  entered  the  bell  siiile  the  sample 
was  being  installed*  It  should  be  noted  here  that  the  bell 
and  smapls  were  not  in  contact  with  the  other  bell  during 
the  blank  determinations,  but  were  hanging  downward  and 
resting  on  a  perforated  support*  Meanwhile,  the  steam  temp¬ 
erature  was  raised  to  1Q00*F,  and  the  steam  bell  chamber  was 
allowed  to  come  to  equilibrium* 

The  sample  (mounted  in  its  bell)  was  then  pressed  manually 
against  the  other  bell  and  the  gate  was  opened.  The  temperature 
on  the  cold  side  was  noted  after  10  legends,  at  which  time 
the  bell  was  removed  from  the  steam  source*  The  maximum 
temperature  obtained  on  the  back  of  the  sample  was  recorded 
and  the  total  time  required  to  reach  this  temperature  was 
noted*  A  single  Ro*  24  iro n- 0 011s t m tan  thermocouple  commuted 
to  a  pyrometer  was  used  to  indicate  the  temperature  in  the 
steam  bell  chamber?  and  three  Ro*  30  iron- com  tan  tan  thermo¬ 
couples  connected  in  parallel  and  to  a  potent! omster  were 
used  to  indioate  the  average  temperature  on  the  cold  aide 
of  the  fabrio*  Figure  17  shows  photographs  of  the  apparatus* 

The  aspirator  was  run  for  a  total  of  20  minutes  to  insure 
the  absorption  of  all  moisture  which  might  have  penetrated 
the  fabrio*  A  value  of  2*5  grams  per  square  meter  of  fabrio 
m*  selected  as  being  the  maximum  allowable  penetration  of 
super-heated  vapor  (see  Discussion  Section)* 

patat  See  Table  8  and  Figures  18  to  2 2. 

plsouss&cftt  For  protective  olothing  use,  a  value  of  2*5 
greats  of  fuming  nitric  acid  per  square  meter  of  fabrio 
was  selected  In  an  earlier  Investigation  (1)  by  this 
company  as  being  the  maximum  .Xlewable  penetration*  In 
the  present  project,  it  was  assumed  that  should  ignition 
take  piece  the  superheated  vapors  oould  contain  an  appre¬ 
ciable  amowt  of  this  acid*  Consequently,  the  steam  tests 
ware  performed  with  the  assumption  that  all  of  the  vapor 
could  be  fuming  nitric  acid*  and  on  thin  basis  the  above 
figure  was  eel  coted  as  the  maximum  allowable  penetration 
of  steam* 
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K-Cell  Acid-Penetration  Testa 


Rxperir 


Object:  To  compare  the  acid-resistance  of  various  types  of 
polymer  coating#  applied  on  glass  fabric  {see  Experiment  5). 
Three  acid-resistant  coating  materials,  Polyfluoron  (poly- 
chlorotrifluoroethylene) ,  polyethylene- Vistanex,  and  Kel-P 
Elastomer,  and  two  general  coating  methods  (knife  and  spray) 
were  compared  by  means  of  K-Cell  acid-penetration  tests* 


Results:  Of  the  three  materials  tested,  Polyfluoron  showed 
considerably  better  resistance  to  penetration  by  white  fuming 
nitric  add  than  the  others*  A  thin  knife-coating  (0.0015 
Inch)  on  aluminized  glass  fabric  allowed  passage  of  2*5  grams 
of  nitric  acid  per  square  meter  of  exposed  eree  after  27 
hours  of  exposure  (Figure  25).  After  this  length  of  time, 
the  thin  vacuum-deposited  aluminum  ooating  was  destroyed 
only  in  very  small  spots  where  apparently  a  few  pinholes 
were  present  in  the  thin,  transparent,  acid-resistant  coating. 
About  95  percent  of  the  aluminum  ooating  was  unharmed. 

The  thin  polyethylane-Viafcanex  knife-coating  (0*002  inch) 
on  aluminized  glass  febrio  showed  good  resistance  to  pene¬ 
tration,  about  12  hours  being  required  for  the  passage  of 
2.5  grams  of  el  trio  acid  per  square  meter*  The  thin  Kel-F 
Elastomer  knife-coating  (0*001 j),  also  on  aluminized  class 
fabrio( showed  the  least  resistance  to  penetration.  Also, 
in  the  case  of  both  the  polyethylane-Vistanex  and  the  Kel-P 
Kies  toner  ooatlt^a,  there  apparently  was  little  adhesion 
of  the  polymer  costing  to  the  thin  aluminum  layer,  end  in 
samples  of  eeeh  the  polymer  ooating  separated  out  from  the 
fabric  in  a  large  blister,  resulting  in  ooaplete  destruction 
of  the  aluminum  reflective  layer* 

Results  obtained  with  spray-coated  Polyfluoron  and  Kel-F 
Elastomer  on  aluminized  glass  fabric  were  almost  ldanticsl 
with  those  shown  in  Figure  25  (average  33  hours  for  poly— 
fluoron,  2  hours  or  less  for  Kel-F  Elastomer).  It  was  not 
practical  to  apply  the  p oly ethylene- Via taaex  blend  by  solu¬ 
tion  spraying  (Experiment  5)* 


A  second  series  of  samples  wee  prepared  by  applying 
aluminum-pigmented  polymer  coatings  on  plain  glass  fabric* 
Initial  coating  of  plgper.ted  polyfluoron  atplled  by  spraying 
on  the  plain  glass  showed  the  presence  of  pin-hoi*!-  It 
was  found,  however,  that  e  thin  spray  ooating  (see  Experiment 
6}  followed  by  two  knife- coatings  (final  costing  thickness 
0*002  .neh )  withstood  165  to  200  hours'  exposure  in  the  H*Cell 
before  passage  of  2. 5  errams  jf  nitric  acid  per  square  meter 
of  exposed  area  (Figure  26)* 


r-  3-- 


Samples  prepared  by  knife-ooating  polyethyl ene-Vistanex 
and  Kei-P  Elastomer,  (0.002  inch  In  thickness)  pigmented 
end  unpigmented,  on  plain  glass  showed  the  presence  of  pin¬ 
holes  In  H-Ceil  tests,  falling  in  all  cases  in  two  hours 

or  less. 


Materials}  (See  Experiment  5  for  co 
details  on  the  polymer  coatings.) 
coatings  (0.0015-0.002  inch  In  thl 
vaouum-deposited  aluminum  on  Ho*  1 


ipo binding  qjiq  &p 
Figure  25 1  Pol 


pi Ication 
ymer 


kness)  knife-coated  over 
6  glass  fabric i 


Polyfluoron 

Polyethyl ens-Vlstanex  (1*0 j 60  blend) 

Kel*«F  Elastomer  (clear,  unoompounded  gum) 


Figure  26s  Aluminum- pigmented  Polyfluoron  coating  (0*002 
lnoh  in  thldcness)  knife-ooated  on  Vo.  116  glass  fabrlo* 


Procedures  Duplicate  portions  of  the  costsd  fabric  samples 
described  above  were  mounted  as  diaphragms  In  H-shsped 
cells,  which  are  divided  into  two  sections  at  the  owe  ter 
of  the  H  (see  Figure  23).  Distilled  water  was  placed  In 
of  the  cell,  and  white  fuming  nitric  acid  In  the 
pH  of  the  water  was  measured  at  intervals,  and 
calculated  from  the  dimensions  of  the 
calibration  ourve  relating  the  measured 
uare  meter  for  white 


one  side 
other.  The 


the 
a  el! 


permeability  was 
. .  Figure  2k  is 


curve 

pH  to  the  permeability  in  grams  per  sqi 
^■rnlng  nitric  add  through  a  teat  membt 


ene* 


In  operation,  the  sample  was  damped  between  the  two 
sections  oi  the  cell  with  a  ball  and  socket  clamp,  a  butyl 
rubber  gaoket  being  used  on  the  water  side.  One  hundred 
Milliliters  of  distilled  water  were  pipetted  Into  the  dis¬ 
tilled  water  cup,  and  an  initial  pM  reading  was  token  by 
means  of  a  Beckman  pH  meter.  Fuming  nitric  aoid  was  then 
poured  Into  the  ground-glass  stoppured  tube,  and  the  pH  of 
the  water  was  measured  periodically  until  the  pH  fell 
below  3.7,  which  is  equivalent  to  u  penetration  of  2*5 
grams  of  nitric  acid  per  square  meter  of  exposed  area. 
Penetration  versus  time  was  plotted  to  indicate  the  rete 
and  the  time  of  failure* 


Data  1  See  Figure.  25  and  26. 

Dlicuaeion}  The  test  described  above  for  determining  the 
permeability  of  various  materials  to  white  fuming  nitric 
sold  was  developed  by  the  Kaval  Air  Rocket.  Test  Station. 

The  mat hod  has  been  described  as  the  R-Cell  Tent  in  reports 
oovering  previous  contract  work  in  this  laboratory. 
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FIG.  23  H-CELL  FOR  ACID  PENETRATION  TEST 
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FIG. 25  H-CELL  PENETRATION,  POLYMER  COATINGS 
KNIFE-COATED  ON  VACAL 
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FtC.ge  H-CELL  PENETRATION,  ALUM.  PIGMENTED 
FOLYFLUORON  KNIFE-COATED  ON  GLASS  FABRIC 


Experiment  11:  Mono et&yl aniline- White  Fuming  Hitric  Acid 
Flame  Teats 

Object:  To  determine  the  insulation  properties  of  various 
fabrics  when  exposed  to  a  brief  flame  caused  by  mixing 
monoethylaniline  with  white  fuming  nitric  acid,  and  to 
determine  the  properties  of  such  a  flams* 

Results:  The  flame  caused  by  open  mixing  of  small  amounts 
of  white  fuming  nitric  acid  and  monoethylanllino  produced 
temperatures  above  1600°P  (indicated  by  a  Ho*  30  thermo¬ 
couple  wire),  but  It  was  of  comparatively  short  duration, 
with  the  peak  temperature  indicated  after  about  3  seconds* 
The  flam  was  smoky,  and  yellow  in  color.  Fabrics  placed 
in  such  a  way  that  one  face  was  exposed  directly  to  the 
flams  indicated  temperatures  on  the  opposite  side  of  the 
fabrics  ranging  from  150°P  to  380°F» 

The  results  obtained  on  the  different  fabrics  can  be 
rued  only  for  approximate  comparisons  as  there  were 
apparent  variations  in  intensity  and  effect  of  the  flames 
in  the  different  tests  (see  Discussion  at  the  and  of  tills 
Experiment).  It  was  also  apparent,  however,  that  the 
flames  showed  a  heating  effect  quite  similar  to  that  of  the 
Olobar  Radiant  Heat  Test  (Experiment  3)*  Most  of  the  heat 
absorbed  by  the  test  fabric  in  the  flame  and  steam  tests 
was  .  ocuvod  by  conduction  from  the  hot  reaction-produot 
vapor  rather  than  by  radiation. 

The  thicker  sponge  samples  showed  the  beat  results 
since  they  slowed  down  the  conduction*  The  thin  Hayfoil 
with  a  highly  reflective  surface,  absorbed  and  transmitted 
heat  rapidly*  Vacuum-deposited  aluminum  surfaces  were 
apparently  no  better  than  aluminum- pigmented  polymer  sur¬ 
faces*  These  data  high  light  the  Importance  of  the  sponge 
and  minimize  the  importance  of  the  radiation  coating. 

Materials:  Pab-'lc  sfimpies  Ho*  17 qB,  17$,  176  and  177  were 
described  under  Experiment  8*  The  remainder  are  described 
below: 

203*  Same  as  #162,  except  a  coating  of  clear  Polyfluoron 
(0*002  inch)  on  the  aluminum  face* 

20q«  Same  as  #17 4B  (and  #174A),  except  overall  thickness 
0*075  inch* 

205*  Same  as  #177,  cxoept  overall  thickness  0*070  inch. 
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206.  Same  a3  #166,  except  a  coating  of  aluminum-pigmented 
polyethyiene-Vistanex  blend  (80:20)  (0*002  Snch)  on 
the  fabric  face,  and  overall  thickness  0.070  inch. 

20?*  Same  as  #206,  except  overall  thickness  0*038  inch. 

Procedure:  Two  aluminum  containers  were  connected  by  hinges 
so  that  by  pulling  a  wire  the  contents  of  tne  upper  container 
could  be  thrown  quickly  into  the  lower  container.  A  Tranaite 
board  shield  wi  th  &  6  x  8  inch  rectangular  hole  in  the  center 
was  placed  beside  theso  containers.  The  fabric  sample  was 
attached  across  the  6x8  opening  of  a  box  of  inside  dimensions 
6x8x6  inches  (the  same  used  in  the  Globar  test,  gxper- 
iment  8),  with  five  thermocouples,  inside  the  box,  touching 
the  fabric  surface  (back).  The  box  was  attached  to  the  back 
of  the  Tranaite  shield  so  that  tne  reflective  fabric  face 
was  exposed,  through  the  6x8  inch  hole,  to  the  flame  (see 
Figure  27).  A  Ho.  }0  !  ron-constant&n  thermocouple  was  placed 
on  the  flame  slue  of  the  Tranaite  shield,  about  one-quarter 
inch  in  front  of  the  fabric  sample. 

White  fuming  nitric  acid  (600  cc)  was  placed  in  the 
lower  container  and  monos thylaniline  (200  cc)  was  placed 
In  container.  These  were  mixed  by  throwing  the 

small  upper  container  partly  over  th«  lower  container. 

Peak  temperatures  on  the  front  and  on  the  back  of  the  fabric 
sample,  and  the  times  required  to  indicate  the  peak  temp- 
aratures,  were  recorded. 

Data:  See  Table  9.  All  of  the  samples  tested  had  add- re¬ 
sistant  coatings  on  the  face.  Hone  of  th®  samples  appeared 
seriously  harmed,  although  they  were  covered  with  the  reaction 
mixture  and  streaked  with  carbon.  Hone  burned. 

Discussion:  The  two  set*  of  data  in  Table  9  were  obtained 
from  teats  run  on  different  days,  and  wind  condition* 
caused  considerable  difference  in  the  heating  effect  on 
th©  fabrics. 
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TABLE  9 


WHITE  FUMING  NITRIC  ACIB-MOHOETHYLAKILINg  FLAME  TESTS 


K&x. 

Temp.  Front 

Max. 

Temp.  Back 

3ample 

ISo. 

Description 

Temp* »°F  Time, Sec. 

Temp.„°F  Time,  Sec. 

1743 

P.F.-Vacal -Sponge  (.058*) 

I4OO 

3 

I48 

60 

175 

Kel-F.B.-Vacal  -sponge 
(.045“} 

1600 

3 

190 

30 

177 

Al*  pig.  P.F. -Glass-Sponge 
(.O^O") 

1350 

4 

168 

50 

203 

P»C«F.-Rayfoil  (.010") 

I4OO 

3 

380 

32 

204 

P.C.F.-Vacal-Spong®  (»075") 

1650 

3 

225 

27 

205 

Al*  Pig.  P.C.F.-Olaaa- 
Sponge  (.070") 

1350 

2 

198 

25 

206 

Al*  pig*  P.E.-Vist.HJlasa- 
Sponge  (.070") 

1650 

3 

177 

25 

207 

Al.  pig.  P.B.-Vist. -Olaas- 
Spong*  (.038*) 

1300 

4 

310 

23 
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LITERATURE  AND  INDUSTRIAL  SURVEY 


The  problem  of  protective  olothing  which  exist®  in 
connection  with,  rooket  propulsion  work  has  been  discussed 
briefly  earlier  in  this  report* 

In  any  operation  with  has&rdous  chemicals,  with  even 
the  best  equipment  dosign  and  operation,  there  nay  be 
leakage  or  the  neoeasity  for  open  handling  of  dangerous 
materials*  In  experimental  work  with  rockets  and  guided 
missiles,  it  is  expected  that  a  certain  amount  of  splashing 
of  materials  such  as  white  fuming  nitric  acid  will  occur* 

The  protective  clothing  in  present  use,  utilising  a  vinyl 
chloride  acid-resistant  coating,  provides  at  best  minimum 
protection  against  such  chemical  splashing*  Under  a  previous 
contrast.  A?  33(6l6)-l55,  The  Connecticut  Hard  Rubber  Coopany 
developed  a  chemically  resistant,  coated  fabric  with  a 
polyethylene-Vletanex  coating  which  provides  far  greater 
protection  against  splashing  of  oxidants  such  as  white  fuming 
nitric  acid  (1)* 

Another  serious  hazard  has  been  reoognlsed,  however, 
in  the  leakage  of  oxidants  and  fumes  during  the  charging  of 
a  missile*  This  hazard  is  one  of  an  aooldental  mixture  of 
spilled  oxidant  with  spilled  fuel  such  ee  monoethylenlline 
or  hydrazine*  Such  a  mixture  would  oause  an  laeediate 
combustion,  spattering  the  reacting  materials  end  products 
and  exposing  nearby  personnel  to  flame  and  temperatures  of 
the  order  of  1000 •?.  Against  such  heat,  the  vinyl  chloride 
or  the  polyethylene- Vi stanex  fabric  would  provide  virtually 
no  protection*  The  object  of  this  contract  was  to 

produce  a  fabrlo  which  would  provide  personnel  with  temporary 
protection  in  the  event  of  such  an  aooldent* 

In  any  consideration  of  protective  olothing,  two  points 
are  believed  to  be  essential}  1)  the  garment  must  affi,^ 
adequate  protection  against  the  hasard  involved,  and  2)  It 
must  not  interfere  with  the  worker's  movements,  thus  inducing 
a  secondary  hasard  (2).  In  tha  combustion  of  corrosive  and 
poisonous  materiel#,  one  must  provide  respiratory  protection, 
flame  protection  for  the  entire  body,  .plush  pr  »<,«*«  tl  on 
for  the  entire  body*  Such  a  condition  would  indicate  e 
complete  suit  of  Impervious  fabric,  acid-resistant  and  Insu¬ 
lated  for  brief  exposure  to  1000*F,  and  flttad  for  respiration 
and  ventilation*  The  supply  of  air  to  the  suit  for  ventila¬ 
tion  would  not  only  provide  the  required  cooling,  but  would 
also  provide  a  positive  pressure  in  the  eult  to  minimise  the 
possibility  of  oorroelve  materials  entering  the  eult  in  the 
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event  of  an  explosion.  Although  this  describes  an  ideal  suit, 
it  is  probable  that  compromises  will  be  made  in  3ome  of  these 
features  for  the  sake  of  comfort  and  working  efficiency  for 
the  v  irer. 

Respiratory  protection  here  would  require  a  complete 
air-supply  suit*  Tho  air  supplied  in  this  case  would  serve 
three  purposes  —  breathing,  ventilation,  and  a  small  positive 
pressure  inside  the  3uit  to  minimize  the  possibility  of  entry 
of  toxic  vapors.  It  would  appear  that  the  air  in  this  case 
should  be  supplied  by  a  minimum  one-lnch-diameter  hose  of  a 
maximum  150-foot  length,  connected  to  a  hand-  or  motor-driven 
blower  located  a  sufficient  distance  from  the  danger  area  (3)« 
The  supply  hoses  would  also  have  to  be  protected  with  a  flame- 
and  acid-resistant  covering. 

The  hood  of  the  protective  suit  should  be  supplied  with 
a  shatterproof  heat-resistant  glass  window,  probably  of  Pyrex. 
The  glass  window  could  be  backed  by  a  plastio  window,  if 
necessary,  with  an  air  space  between  the  two.  Also,  if  it  la 
felt  necessary,  a  light  deposit  of  aluminum  could  be  placed 
on  the  outer  surface  of  the  glass  window,  which  would  serve  to 
reflect  heat  in  the  event  of  ignition.  The  aluminum  coating 
would  reduce  the  transmission  of  visible  light  and  therefore 
may  be  undesirable. 

The  remaining  two  features,  those  of  heat-  and  flame- 
protection  and  chemical-splash  protection,  were  the  subject 
of  the  present  contract  and  have  been  investigated  extensively. 

For  heat-  and  flame-protection,  the  general  types  of 
materials  to  be  considered  are*  1)  asbestos  fabrics, 

2)  glass  fabrics,  3)  rock  wool  fibers  and  fabrios,  and  q.) 
rubbers  and  plastics.  The  fifth  heat-  and  flame- resistant 
material,  chroma- tanned  leather,  will  not  be  considered 
further,  since  It  Is  not  believed  to  be  adaptable  to  acid 
protection  or  general  production  techniques  required  here. 

Asbestos  fabrios  are  generally  supplied  In  herringbone 
weave  or  basket  weave  with  an  asbestos  content  ranging  from 
9 5  percent  down.  The  fabrios  generally  have  five  percent  or 
more  of  ootton  mixed  in  the  roving.  For  flame-  and  heat- 
resistant  olothlng,  an  asbestos  doth  should  contain  a  maxi¬ 
mum  of  sixteen  to  cl ghteen  percent  of  cotton,  with  the  re¬ 
mainder  asbestos  or  asbestos  and  glass  (4),  (5)«  The  resis¬ 
tance  of  the  asbestos  fabrics  to  radiant  heat  may  be  greatly 
improved  by  the  addition  of  a  coating  of  aluminum  to  one 
side  of  the  fabric.  This  aluminum  coating  may  be  conveniently 
added  by  vacuum  deposition,  foil  lamination,  or  by  the  use 
of  a  highly  reflsotive  heat-resistant  paint.  Samples  of 
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vacuum-aluminized  asoestos  3no«ii.e  out3 cans  ing  flexibility  and 
reflectivity  nave  been  supplied  oy  the  Minnesota  Mining  k 
Manufacturing  Company.  Various  articles  of  -iotr.ir.g  fabricated 
from  asbestos  fabrics  or  aluminized  asbestos  fabrics  are  avaii- 
aole.  These  incluae  gloves,  aprons,  coats,  b.cts,  leggings, 
hoods,  coveral.  s  arid  complete  suits,  a  number  of  such  items, 
including  a  thick  insulated  fire  rescue  suit  utilizing  the 
Minnesota  Mining  i  Manufacturing  Company  aluminum- coated 
asoe3to3  fabric,  are  offered  by  the  Industrial  Safety  Special¬ 
ties  Company,  Perkasie,  Pennsylvania. 

Glass  fabrics  are  available  in  a  wide  variety  of  con¬ 
structions  and  weights.  These  fabrics  are  strong,  relatively 
heat-resistant,  and  offer  the  further  advantage  of  a  high 
degree  of  chemical  resistance.  While  the  heat-resistance  of 
unprotected  glass  fabric  is  considerably  less  than  that  of 
asbestos  fabric,  the  addition  of  an  aluminum  coating  to  the 
glass  fabric  has  been  found  to  increase  greatly  the  heat- 
and  flame-resistance,  especially  for  short-term  exposures. 

The  use  of  rock  wool  fibers  in  clothing  is  generally 
limited  to  thick  insulated  suit  constructions  where  the 
fiber  batting  is  contained  inside  fabvio  walls.  A  Thermo- 
flax  heat-resistant  blanket  construe-  -n  is  offered  by 
Johns-Manville.  This  consists  noreiuly  of  a  refractory 
fiber  filler  contained  in  a  stainle.  teal  mesh.  Such 
a  construction  would  be  porous  and  relatively  stiff  and 
heavy  for  clothing  use.  Several  nonwoven  ceramic  or 
mineral  fabrics  are  also  available.  These  materials,  in 
general,  have  lower  strength  than  woven  fabrics  and  are 
less  flexible.  They  are  generally  used  as  insulation  or 
as  filter  materials. 

The  best  rubbers  and  plastics  have  considerably  lower 
heat-resistance  than  the  materials  described  above,  with 
maximum  usable  temperatures  on  the  order  of  b50°-600°P. 

The  silloone  rubbers  are  well  known  for  their  high-tempera¬ 
ture  resistance  and  are  useful  up  to  550°P,  and  somewhat 
higher  for  short-term  exposure.  The  fl  uoro-elaatomers  are 
in  an  early  stage  of  development  and  show  considerable 
promise  of  heat-reslstanoe.  Kel-p  gLastooer  is  presently 
useful  to  about  4.50°P  and  will  withstand  exposure  to 
considerably  higher  temperatures  for  short  periods  of  time 
(6).  The  fluoroplastlos  such  as  polytetrafiuoroethyler.e 
{Teflon)  and  polymonochlorotrlfluoroethylone  (Kel-P, 
Pluorothene,  Poiyfluoron)  are  considered  heat-resistant  as 
well  as  chemically  resistant  (7),  (8),  (9),  (10).  Tofion 
is  resistant  to  temperatures  as  high  as  600°P,  while  the 
maximum  temperature  for  Kal-P  is  somewhat  under  uOO^p.  A 
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material  which  has  shown  a  fair  degree  of  heat- resistance 
and  chemical -real stance  is  the  Hercules  polymer,  RD-115  (11 )• 
This  material,  however,  is  useful  only  to  temperatures  some¬ 
what  above  350°P«  Of  the  rubbers  and  plastics  mentioned 
here,  only  the  fl  uoropla sties  of  the  Teflon  and  Kel-P  type 
are  considered  nonflammable*  Each  of  the  others  can  be  made 
flame-resistant  and  self-extinguishing* 

The  subject  of  chemical -splash  protection  has  been 
reviewed  in  some  detail  under  a  previous  oontraot  (AF  33(616)- 
155)*  The  result  of  this  contract  was  the  development  of  a 
fabric  coated  with  a  polyethyl ene-Vlstanex  blend*  A  hi  and 
of  60  parte  Vi3tanex  B-00  and  40  parts  polyethylene  showed 
excellent  resistance  to  ihlte  fuming  aoid,  as  well  as  desirable 
flexibility  and  adaptability  to  standard  fabrication  techniques* 

Butyl  rubber,  by  virtue  of  its  low  unsaturation,  showed 
better  resistance  to  white  fuming  nitric  aoid  then  any  of  the 
other  hydrocarbon  rubbers*  Its  resistance,  compared  with  that 
of  the  polyethylene-Vlatanex  blend  or  Kel-F,  wae,  however, 
relatively  poor*  the  commercially  available  fluoroplaatloe, 
polymonochlorotrlfluoroethylone  end  polytetrafluoroethylene, 
showed  excellent  reelstanoe  to  attack  of  t:h!te  fuming  nitrlo 
acid  aod  other  oxidants*  Polytetrafluoroethylene,  however, 
does  not  fuse  in  fabrication  in  the  same  way  as  other  thermo¬ 
plastic  matertale,  end,  as  a  result,  thin  films  of  this 
material  are  somewhat  porous*  The  monochlorotpl fluoroethyleae 
polymers  suoh  as  Kel-F  and  Fluorothene  fuse  readily  to  form 
highly  impervious  films*  In  previous  work  in  thla  laboratory, 
difficulty  has  been  encountered  in  producing  e  satisfactory, 
flexible  and  impermeable  costed  fabric  with  the  Kal-P-fcype 
polymers*  A  new  processing  technique  has  become  available, 
however,  which  has  changed  this  situation* 

Eton  4OO  XR-61  (formerly  Velofom  P-10)  (12),  a  copolymer 
of  a  fluorocarbon  monomer  end  vinyl  chloride,  showed  moderate 
resistance  to  white  fuming  nitric  aoid*  Its  reelstanoe  to 
eoid-penetratlon,  however,  wae  about  one-fourth  that  of  the 
polyethylene-Vlatanex  blend  (1)*  Two  more  commercially  avail¬ 
able  polymers  have  whet  le  considered  good  ohemioal-resletenoe* 
These  polymers  ere  polyvlnylldene  chloride  and  polyvinyl 
chloride*  Hercules  RD-115,  mentioned  above,  le  somewhat 
better*  The  resistance  of  eaoh  of  these  materials  to  white 
fuming  nitrlo  acid,  however,  is  rather  poor  (1),  (11)* 

One  of  tho  target  requirements  for  the  fabric  developed 
under  the  present  contract  wae  that  It  should  not  give  off 
fumes  upon  application  of  1000*F  heat,  which  would  Injure 
personnel*  This  requirement  wee  of  particular  interest  in 
considering  a  material  such  as  Kel-P  or  Teflon  ee  an  aold- 
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resistant  barrier  on  the  fabric.  A  quick  review  was  made  of 
the  toxicity  of  the  various  materials  involved  here.  Por  the 
present  purpose,  it  can  be  assumed  that  nitric  acid  in  an  open 
reaotion  with  a  material  such  as  monoethylanlline  or  hydrazine 
will  be  reduced  to  nitric  oxide,  with  the  formation  of  nitrogen 
dioxide  from  possible  thermal  decomposition  of  nitrio  acia  or 
from  oxidation  of  the  nitric  oxide.  Thus  it  would  be  reason¬ 
able  to  assume  that  the  reaotion  mixture  would  contain  super¬ 
heated  varors  of  nitrio  acid,  nitrogen  dioxide,  nitric  oxide, 
some  water,  hydrazine  or  monoethyl&niline,  and  their  reaction 
products.  The  most  troublesome  portion  of  the  fabric  with 
respect  to  the  possible  evolution  of  toxic  fumes  upon  appli¬ 
cation  of  1000°P  heat  would  be  the  acid-resistant  ooating  on 
the  exposed  side  of  the  fabric.  All  of  the  materials  listed 
above  as  potential  chemically  resistant  costing  materials, 
with  the  possible  exception  of  polyethyl ene-Viatanex  and  butyl 
rubber,  could  give  rise  to  toxlo  decomposition  products  under 
sucn  temperature  conditions.  Polyvinylidono  chloride  and 
polyvinyl  chloride  would  evolve  hydrogen  chloride  gas.  Bxon 
4OO  XB-61  would  evolve  hydrogen  chloride  gaa  and  possible 
fluorocarbon  decomposition  products.  The  fluoroplaatlos 
evolve  decomposition  products  which  are  known  to  ba  toxlo  (13). 

Approximate  toxioitioa  of  theae  materials  are  as  follows 

(U)» 

litrio  acid,  allowable  concentration  in  air  10  ppm  rr  lata, 
100-l>d  ppa  for  30  minutes  is  dangerous,  200-700  ppm  briefly 
is  lethal  (5  to  o  hours  later);  fcha  symptoms  are  delayed  5 
to  48  hours. 

Ml trio  oxide,  allowable  concentration  in  air  2$  ppm,  toxicity 
similar  but  somewhat  less  than  that  of  nitric  acid. 

Sitrogen  dioxide,  allowable  concentration  in  air  10-25  ppm, 
toxicity  similar  to  that  of  nitric  acid,  soa«what  leas* 
Aniline,  allowable  concentration  in  air  5  ppm,  maxisum 
tolerated  for  1  hour,  100-150  ppm. 

Honorasthylanlllne,  twice  as  toxlo  as  aniline. 

Bthylanlllne,  toxicity  similar  t j  that  of  aniline. 
Monoethylanlline,  no  date  read! .y  available. 

Hydrazine,  allowable  concentration  In  air  6  ppm,  highly 
toxic  (15)* 

Hydrogen  chloride,  allowable  concentration  in  air  5-10  ppa, 
1500-2000  pp»  lathal  in  a  few  minutes,  maximum  tolerated 
for  1  hour  50  to  100  ppa. 

0ocompos.it ion  produots  of  polyssonoohlorotrlfluoroethylen*  and 
polytstrafluoroethylene,  allowable  oonoentrstlcn  in  air 
aceeewhat  greater  than  10  ppaj  toxlo  (13)* 

Hydrogen  fl  uoride,  allowable  concentration  in  el  r  3  PP»,  >0 
ppm  fatal  in  30  to  60  minutea. 
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All  of  the  materials  listed  above  would  be  considered 
highly  toxic,  with  the  possible  exception  of  hydrogen  chlcride. 
It  would  seem  that  such  a  mixture  of  toxic  materials  would 
require  impervious  clothing  and  complete  respiratory  protection* 
It  would  also  seem  that  the  addition  of  a  material  such  as  Kel-P 
or  vinyl  chloride  as  an  external  coating  on  a  fabric  with  an 
impervious  lining  would  cause  little  harm  in  the  existing 
corrosive  and  toxic  atmosphere. 

A  brief  investigation  was  made  of  test  methods  suit¬ 
able  for  evaluation  of  various  faeries  to  meet  th  e  target 
requirements  of  this  contract*  A  Globar  radiant  heat  test 
was  set  up  in  accordance  with  Specification  MlU-C-S^qO*  Two 
thermocouples  were  placed  on  either  side  of  the  fabric  to  be 
tested  so  that  the  temperature  of  the  "hot  side*  and  the 
•cold  side"  of  the  fabric  could  be  read  concurrently.  The 
apparatus  was  modified  by  the  addition  of  a  shutter  ov  gate, 
so  that  when  the  Globar  was  raised  to  the  proper  temperature, 
the  shutter  could  be  opened  and  the  fabric  exposed  for  a 
short,  uofinite  period  of  time. 

An  excellent  method  for  testing  the  permeability  of 
various  materials  to  wnlte  fuming  nitric  acid  was  described 
as  the  H-Cell  Tost  In  reports  covering  previous  ccr.traot  work 
In  this  laboratory  (1),  (16).  This  method  is  believed  to  be 
coral dorably  superior  to  methods  where  th*  passage  of  th* 
acid  is  shown  merely  by  the  changing  of  an  acid-  or  oxidation- 
indicator.  In  the  H-Cel 1  Test*  th*  passage  of  nitric  acid 
can  bo  measured  quantitatively  and  continuously  by  measuring 
the  pH  of  water  in  contact  with  the  fabric  on  th*  aide  opposite 
the  acid* 

In  connection  with  the  10GQ°P  steam  test  and  the  whit* 
fuming  nitric  *cld-mono*thylanilin*  fire  t*st,  described  in 
the  Experimental  Section  of  thl3  report*  sots*  investigation 
was  made  of  high -temperature- measurement  techniques*  An 
•xoallont  description  the  factors  involved  in  hlgh-temp- 
eratu  *e  measurements  may  bo  found  lr.  a  book  prepared  by  the 
American  Institute  of  Physics  (17)*  In  a  more  recent  collection 
of  papers  on  combustion  flame  ana  explosion  phenomena.  Flock, 
or-  al,  discussed  at  some  lencrth  the  radiation  errtra  ar.d 
conduction  errors  Involved  in  the  use  of  thermocouples  to 
measure  the  temperature  of  Jet  exhaust  vases  (10)*  At  1000°P, 
it  would  appear  that  these  errors  »ould  t*  on  the  order  of 
30  degrees,  or  less.  In  th*  work  for  this  contract,  a  cor¬ 
rection  value  could  be  added  for  radiation  error  and  conduc¬ 
tion  error,  where  applicable,  and  the  resultant  temperature 
value  should  be  well  within  the  practical  ll.-.lt3  required* 

A  far  more  serious  pr  blem  was  that  of  obtaining  a  -sufficiently 
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rapid  Indication  of  temperature  In  a  flame  of  vary  short 
duration.  A  series  of  very  fine  wire  thermocouples  were 
connected  together  to  make  a  type  of  thermopile  as  a  means 
of  improving  the  response- 


HJUXI  TR  5S->^4 


69 


DISCUSSION 


The  general  problems  and  the  main  lines  of  development 
Involved  lr.  this  project  have  been  covered  In  the  Introduction 
and  In  the  Literature  and  Industrial  Survey  Sections.  The 
experimental  work  will  be  discussed  briefly  here. 

Sponge  fabric  samples  prepared  in  the  initial  work 
on  this  contract  indicated  the  value  of  s,ch  a  construction 
as  a  high  temperature  insulating  material  and  clearly  just¬ 
ified  the  development  of  a  silicone  rubber  sponge  compound 
specifically  for  this  fabric  use.  A  group  of  silicone 
rubber  stocks  were  compared  (Experiment  1)  and  one  was 
selected  on  the  bases  of  maintaining  softness  and  flexibility 
as  long  as  possible  at  high  temperature.  This  stock  was 
further  compounded  (Experiment  2)  to  yield  a  low  denaitv 
sponge  suitable  for  continuous  blowing  ar.d  curing  ■»  glass 
fabric  in  production  equipment*  In  this  study,  five  different 
blowing  arents  and  three  different  curing  catalysts,  covering 
a  wide  range  of  activating  temperatures,  were  tested  over 
wide  variations  in  concentration.  These  combinations  were 
blown  at  temperatures  ranging  fro®  300°  to  ^0O°P.  The 
results  of  the  study  were  quite  consistent  and  showed 
excellent  correlation.  A  reproducible  relationship  was 
found  between  the  initial  thickness  of  the  rubber-fabric 
c oa*3 i n&t  1  on  ar.d  the  fi  nal  blown  and  cured  thlcknoaa,  specific 
gravity,  and  weight  of  the  sponge  fabric. 

Using  the  compound  developed  in  Experiment  2,  sponge 
fabric  was  produced  in  continuous  length  on  a  pilot-scale 
tower,  as  described  in  Experiment  }•  The  product  was  of 
unifura  low  density  and  had  properties  which  agreed  quite 
well  with  those  Indicated  In  Experiment  2* 

It  is  sometimes  desirable  to  apply  e  silicone  rubber 
coating  to  a  fabric  in  the  form  of  *  solvent  dispersion. 
Samples  were  prepared  (Experiment  4)  to  determin-  the  effect 
of  various  amounts  of  solvent  on  the  blowing  efficiency  of 
the  silicone  rubber  sponge  compound*  As  little  as  12  percent 
of  solvent  added  to  the  sponge  compound  resulted  in  a  sponge 
product  of  considerably  higher  specific  gravity  than  that 
obtained  without  solvent*  Toluene  was  found  to  be  somewhat 
more  harmful  to  the  sponge  compound  than  carbon  tetrachloride. 
Apparently  the  solvents  caused  premeture  decomposition  of 
the  sponging  egent,  and  possibly  the  curing  cetalyst.  In 
the  silicone  rubber  compound. 

It  wae  evident  early  in  the  work  or.  tills  eor.trac*  that  a 
coating  would  have  to  be  applied  to  the  reflective  surface, 
or  other  fabric  surface,  to  protect  it  in  dally  use  from 
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accidental  splashing  with  fuming  nitric  acid  and  other  materials 
When  a  drop  of  fuming  nitric  acid  was  applied  to  the  surface 
ct  vacuum  deposited  aluminum,  the  aluminum  was  immediately 
destroyer  This  protective  coating  should  be  transparent  to 
radiant  heat  and  at  the  same  time  be  flexible  30  that  the  fabric 
would  not  become  rigid  or  stiff*  As  far  as  penetration  in  an 
actual  ignition  is  concerned,  a  combination  of  fabric  and  thick 
silicone  sponge  would  apparently  be  sufficient  for  brief  exposur 
to  the  superheated  vapors,  but  it  would  not  be  practical  to 
allow  the  insulating  material  to  be  unprotected  from  accidental 
splashing  in  daily  use*  Experiment  5  was  conducted  to  determine 
the  best  methods  of  applying  the  various  clear  acid-resistant 
materials  on  the  reflective  aluminum  surface,  and  for  applying 
the  aluminum-pigmented  acid-resistant  materials  on  a  gLass 
fabric  surface*  The  Polyfluoron  (polychlorctrifluoroethylene) 
and  the  Kel-F  Elastomer  were  applied  readily  by  standard 
knife-coating  techniques,  or  by  spraying.  The  polyethyl ene- 
Vistsnex  blend  coui  ;  be  applied  smoothly  by  knife-coating, 
provided  the  temperature  of  the  coating  mixture  was  properly 
controlled*  This  blend  could  not  be  spray-ooated  in  tho 
standard  spray  equipment. 

In  early  attempts  bo  apply  a  polyfluoron  coating  on  the 
Vacal  fabric  (vacuum  deposited  aluminum  on  glass  fabric), 
decomposition  of  the  thin  layer  of  cement  between  the  aluminum 
and  the  glass  fabrio  caused  a  yellow  or  brown  coloration  of 
the  clear  Polyfluoron  coating.  However,  blowing  and  curing 
of  the  silicone  rubber  sponge  on  the  back  of  the  Vaoal  fabrio 
satisfactorily  removed  this  problem,  as  a  Polyfluoron  coating 
subsequently  applied  to  the  aluminum  surfaco  was  not  notioe&bly 
colored* 

Mo  difficulty  was  found  In  obtaining  satisfactory 
adhesion  of  both  the  polyfluoron  coating  and  the  silicone 
sponge  to  the  Vacal  fabric.  On  the  plq.in  glass  fabric, 
however,  penetration  of  the  fabric  by  cither  the  silicone 
rubber  or  the  Polyfluoron  presented  a  non- adhesive  surface 
to  the  material  .filch  was  applied  seoond*  Sxperl.  .its  designed 
to  obtain  maximum  adhesion  of  both  coatings  to  the  £ass  fabrio 
are  described  in  ixperiment  6.  It  was  found  that  an  initial 
thin  apray-coatlng  of  Polyfluoron  adhered  well  to  one  side  of 
the  glass  fabric  and  served  as  a  primer  for  later  polyfluoron 
coatings,  without  filling  the  interstices  of  the  fabric* 

The  rubber  coating  adK*ed  wall  to  the  opposite,  clean  side 
of  t.ie  glass  fabric,  further  knife-ooatings  of  Polyfluoron 
adhered  to  the  primed  fabric  surface  and  produced  a  non- porous 
coating* 

Under  a  previous  contract,  AP  33(616)-155,  The  Connecticut 
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Hard  Rubber  Company  developed  a  chemically  resistant,  coated 
fabric  with  a  coating  of  a  polyechyj .jne-Vistanex  blend  (1). 

In  later  work  dicumyl  peroxide  was  found  to  produce  an  appre¬ 
ciable  curing  effect  in  the  polyethylene  and  in  the  polyethylene 
Vistanex  blends.  This  curing  action  was  investigated  further 
in  connection  with  the  possible  use  of  the  polymer  hi  end  as 
an  acid-resistant  coating  material*  The  effect  of  the  dicumyl 
peroxide  cure  on  the  physical  propertied  of  polyethylene  and 
polyethylene-Vistanex  blends  was  shovm.  in  Sxperimamt  7*  Th« 
remarkable  resistance  to  flow  exhibited  by  the  cured  poly¬ 
ethylene  and  blends  at  250°F  was  also  apparent  for  shorten 
periods  of  time  at  much  higher  temperatures  «  it 

should  b®  pointed  out  that  at  higher  coraperaturec  si*  oxidation 
occurs  at  a  much  greater  rate,  resulting  in  a  shorter  useful 
life.  It  is  apparent,  however,  that  for  short  exposures 
relatively  high  temperatures  may  be  withstood  without  appre¬ 
ciable  softening  or  flowing  of  a  cured  polyethylene  or  pol.yv 
ethyl ane-Vistanex  coating. 

The  resistance  of  the  cured  polyethylene  and  polytthylene- 
Vistanex  blonds  to  penetration  by  whifca  fuming  srtfcrio  acid, 
was  determined  In  B-Cell  tests.  It  was  quite  interesting,  that 
the  peroxide  cure  improved  considerably  tr*  resistance  or  the 
polymers  to  penetration  by  fuming  acid,  it  was  also  shown 
that  the  resistance  of  the  polyethylene-Viad*****  blende  was 
considerably  better  than  that  of  the  pdiyatbyiene  alone,  whiafa 
agrees  with  th©  results  found  in  work  usdor  tho  earlier  contract 
Cl).  ' 

The  s.pDlication  of  the  peroxide  euv*  to  Vie fcauex  blends 
with  the  new  high -density  polyethylene  polymers  should  be  of 
special  Interest  in  the  preparation  of  aoid-rvsi fatant  fabrios 
at  ordinary  temperatures*  Tho  combination  of  better  acid, 
resistance  and  resistance  to  flfiitf  at  high  temperatures  would 
i improve  further  the  s® burial  developed  under  the  earlier 
contract* 

As  indicated  in  the  Introduction  to  this  report,  the 
fabric  product  developed  under  this  contract  was  to  be 
resistant  to  brief  exposure  to  a  chemical  fire  at  temperatures 
up  to  1000°F,  as  well  as  resistant  to  white  fuitlng  nltrio  acid 
and  to  ver lout  fuels*  Pour  teste  were  devised  ae  a  Means  of 
comparing  samples  of  the  various  ccmercial  and  experimental 
fabrics*  These  tests  were  (l)  radiant  heat  (Globas*)  at  10G0VF, 
(2)  superheated  steaa  at  1000*p,  (3)  B-Cell  permeability  to 
white  fuming  nitric  acid*  and  (4)  exposure  to  white  funir^j 
nitric  acid-sonoethylanillne  Haas.  These  four  tests  and  tile 
results  obtained  from  the  tests  are  described  in  JExpor iseenta 
8  to  11* 
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As  would  be  expectsd,  tha  value  of  a  fabric  aa  protection 
against  radiant  heat  was  strongly  dependent  upon  the  type  of 
surface  presented  to  the  heat  source  (Experiment  8).  A  highly 
reflective  aluminum  surface  allowed  comparatively  little  absorp¬ 
tion  of  the  radiant  heat.  An  aluminum  foil  surface  appeared 
to  reflect  the  heat  slightly  hatter  than  a  vacuum-deposited 
aluminum  surface*  (The  vacuum-deposited  aluminum,  however, 
resulted  in  a  much  more  flexible  and  pliable  fabric.- } 

Outstanding  protection  against  radiant  heat  >*as  shown 
by  samples  of  glass  fabric  with  a  vacuum-deposited  aluminum 
coating  on  the  face  and  a  layer  of  silicone  ruboer  sponge* 

0*100  inch  or  greater  in  thickness,  on  the  back*  These 
samples  showed  only  a  £5  degree  rise  in  tea^erafcure  on  the 
side  opposite  to  that  exposed  to  1000eP  radiant  heat  for  ten 
seconds* 

It  would  be  expected  itat  a  coating  of  almost  any 
non-metal lie  material  on  the  face  of  the  aluminum  would 
absorb  a  considerable  amount  of  heat  and  thus  reduce  the 
efficiency  of  the  aluetlmaa  reflective  surface*  The  appli¬ 
cation  of  <t  thin  (0.002  inch)  polymeria  acid-resistant  coating 
on  the  face  of  the  reflective  aluminas*  surface  did  hot 
reduce  the  efficiency  of  the  reflective  surface  seriously, 
although  the  reduction  was  quite  noticeable.  Aluminum-pigmented 
polymeric  coatings  absorbed  more  heat  than  the  polymer-coated 
aluminum  surfaces,  but  were  still  more  reflective  than  unooated 
glass  fabric  surfaces*  The  low  reflection  of  th®  almost  white 
glass  fabric  surface  as  compared  with  that  of  the  aluminum 
surface  could  be  expected  with  radiant  heat  from  a  relatively 
low- temperature  source*  For  a  body  at  1000°?,  the  wave  length 
of  the  radiated  heat  shows  o  peak  at  about  3*5  microns  (19)* 
Aluairo*  shows  a  reflectivity  of  about  00#  to  visible  light, 
which  increased  to  96#  at  3  to  1+  microns*  Most  white  surface 
materials  (the  various  oxides,  enamels,  white  fabrlos)  show 
relatively  high  reflectivity  for  visible  light  (80  to  98#  at 
0*6  microns)  but  this  falls  off  rapidly  with  increasing  wave 
lengths  to  values  of  10  to  30#  at  J  to  j*  microns  (20)* 

As  indicated  In  the  Introduction  to  this  report,  an 
accidental  Ignition  of  fuel  and  oxidizer  would  probably 
produce  not  only  radiant  heat  in  the  range  of  1000*P,  or 
higher,  but  would  scatter  •  heated  mixture  of  reactants 
which  at  the  temperatures  involved  could  be  present  in 
the  form  of  highly  superb  sd  vapors*  The  opinion  hss 
been  expressed  tnat  although  radiant  heat  can  be  readily 
reflected  by  a  lightweight  fabric  of  the  proper  construc¬ 
tion,  a  none  serious  problem  is  presented  by  the  presence 
of  the  superheated  vapors*  Such  a  serious  problem  is  wsll 
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known  to  users  of  present  porous  asbestos  fire-fighting  equipment* 

In  order  to  conduct  a  realistic  test  with  such  super¬ 
heated  vapors,  an  apparatus  was  constructed  to  generate  low- 
pressure  1000°?  steam,  to  expose  the  fabric  samples  to  the 
1000«P  steam  for  short  definite  periods  of  time,  and  to 
measure  the  penetration  of  vapors  through  th®  fabric  samples* 

This  apparatus  is  described  in  Experiment  9* 

To  protect-  against  exposure  to  100Q8?  steam,  a  fabric 
must  have  two  properties,  (1)  low  thermal  conductivity,  and 
(2)  no  appreciable  porosity  to  the  steam.  The  silicone  rubber 
sponge- fabri'5  provided  a  high-temperature-resistant,  flexible 
low-density  insulating  material,  and  it  was  found  that  a 
relatively  thin  layer  of  the  silicone  rubber  sponge  (0*020 
inch  or  greater)  was  sufficient  to  prevent  noticeable  pene¬ 
tration  of  the  superheated  vapors.  A  sample  of  eluuinum 
foil  on  glass  fabric  (Rayfoll)  allowed  no  measurable  trans¬ 
mission  of  vapor,  but  transmitted  heat  rapidly  by  conduction* 

As  would  be  expected,  the  presence  of  a  hi^ily  reflective 
surface  was  of  loss  importance  than  the  thickness  of  the 
insulating  materiel,  but  toe  effect  of  the  reflective  surface 
was  quite  noticeable* 

The  outstanding  simples  of  those  tested  against  1000*? 
steam  were  the  thick  sponge- fabrics  (0*10  and  0*26  inch, 
weighing  only  1*5  and  q»l  pounds  per  square  yard,  respectively) 
which  showed  maximum  temperature  rises  on  the  back  of  only 
65  degrees  and  50  degrees  after  a  ten  second  exposure  to  th» 
1000°?  steam*  A  heat-reflwjtlve  surface,  while  not  neoessary, 
was  helpful*  The  various  polymeric  acid-resistant  coatings 
showed  little  effect  on  the  results  of  the  steam  test* 

Methods  of  application  of  the  various  acid-resistant 
polymeric  coating  materials  an  glass  fabrics  were  described 
in  Experiments  5  and  6,  and  were  discussed  above*  Samples 
of  these  coatings  on  glass  fabric  were  tested  for  resistance 
to  white  fuming  nitric  a old  by  means  of  the  H-Cell  permeability 
test.  In  this  test,  mentioned  in  the  Literature  and  Industrial 
Survey  and  described  in  Experiment  10,  the  coated  fabric 
sample  was  placed  as  a  diaphragm  between  tubes  containing 
white  fuming  nitric  acid  and  distilled  water*  The  passage 
of  nitric  acid  through  toe  diaphragm  was  indicated  quanti¬ 
tatively  and  continuously  by  measuring  the  pH  of  the  water 
in  contact  with  the  fabric  on  the  side  opposite  the  acid* 

This  test  quickly  showed  pin  holes  or  physical  flaws  in  the 
coating*  and  also  indicated  whether  passage  of  the  aold 
through  the  coating  was  by  physical  diffusion  alone,  or  as  a 
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result  of  chemical  attack  by  the  acid  on  the  coating* 

In  Experiment  10,  the  H-Cell  enid-penetration  resistances 
of  the  ooated-fabric  « ample a  wore  compared*  It  is  felt  that 
the  order  of  the  results  shown  in  Figure  25,  i*e.,  Polyfluoron, 
polyethyleae-Vtstanex,  aad  Kel-P  Bias  toner,  is  correct;  this 
order  is  in  agpeement  with  earlier  work  done  in  this  labora¬ 
tory*  The  results  with  respect  to  the  Kel-F  Elastomer  coatings, 
however,  are  unusually  low*  It  has  previously  been  found  that 
the  acid -penetration  resistance  of  the  Kel-P  Elastomer  is  on 
the  nest*  order  as  that  of  polyethylene-Viatanex,  and  consid¬ 
erably  less  than  She  resistance  of  a  coating  of  polyohloro- 
trlflueroetfeylene*  In  this  series  of  tests,  however,  thin 
coatings  of  K«1 -P  SI as  toner  prepared  by  several  different 
methods  showed  relatively  low  resistance  to  penetration  by 
whit#  fuming  nitric  acid* 

A  knife-eoating  of  aluminum-pigmented  Folyfluoron  on 
glass  fabric  followed  by  &  knife-coating  of  clear  Folyfluoron 
(final  ooating  thickness  Q«0O2  inch)  showed  outstanding 
reai  s tarns  to  penetration  by  4&it*  fusing  nitric  acid,  with¬ 
standing  165  to  200  howrtf  exposure  in  the  H*Cell  before 
passage  of  2*5  grams  of  acid  per  square  meter  of  exposed  area* 

A  brief  test  was  also  run  to  determine  the  resistance 
of  the  coating  materials  to  aonoethylanlline*  After  24  hours' 
immersion  in  monoethylanlline  at  room  temperature,  Folyfluoron 
showed  less  than  0*1  per-cent  gain  in  weight*  Polyethylene 
gained  2*6  percent  and  cured  polyethylene  (4  percent  peroxide) 
gained  4*1  percent  in  weisfet*  A  polyethylene-Viatanex  blend 
*60*40)  gained  2*3  percent  and  the  cured  polyethylene -Viatanex 
blend  (4  percent  peroxide)  gained  5*7  percent.  Kel-P  Elastomer 
(uncured)  gained  1*9  percent,  and  cured  Kel-F  Elastomer 
gained  1*3  percent  in  weight*  These  results  indicate  that 
any  of  the  coatings  considered  would  have  sufficient  resistance 
to  monoethylanlline  to  withstand  occasional  splashing  in 
dally  use* 

With  respect  to  chemical  resistance,  the  polyohl.ro- 
trifluoroethylene  is  considerably  better  than  any  of  the 
other  materials  tested,  and  may  be  applied  and  used  in 
relatively  thin  coatings  (0*001  to  0*002  inch).  A  dis¬ 
advantage  of  the  polychlorotrlfluoroethylene  is  Its  relatively 
low  degree  of  flexibility*  It  is  considered  to  be  a  relatively 
rigid  plastic  material  while  the  other  orating  material# 
tested  (polyethylene-Vlstanex  and  Kel-F  Elastomer)  may  be 
considered  to  be  elsstomeric*  In  a  very  thin  coating  on  the 
sponge-fabric,  however*  the  polychlorotrlfluoroethylene  appears 
to  be  sufficiently  flexible,  and  resi9**»t  to  wrinkling* 
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T.;e  final  test  which  was  applied  to  the  acid-  and  heat- 
resistant  fabric  samples  was  that  of  direct  exposure  to  a 
flame  caused  by  mixing  white  fuming  nitric  acid  wi ' u  mono- 
ethylanil ine«  Open  mixing  of  small  quantities  of  white  fuming 
nitric  acid  with  monoethylanil ine  did  not  result  in  a  deton¬ 
ation,  but  the  mixture  irnited  and  burned  rapidly  to  produce 
a  relatively  low- temperature,  yellow,  smoky  flame.  Ae  would 
be  expected  from  the  nature  of  the  reactants,  the  open  com¬ 
bustion  proceeded  in  two  stages.  First,  there  was  burst  of 
flame  which  dissipated  quickly,  leaving  a  small  low-temperature 
fire  burning  on  the  spattered  reactant  materials.  Even  the 
initial  flash  appeared  to  be  one  of  relatively  low  temperature, 
from  the  dirk,  yellow  and  olack  color  and  from  the  amount  of 
unburr.ed  carbon  in  the  flame  and  drifting  around  after  the 
flash.  Thermocouples  placed  in  the  flame  (three  feet  above 
the  reactar.t  mixture,  and  directly  in  front  of  the  exposed 
fabric)  showed  a  maximum  indication  of  auout  1650°F,  which 
was  reached  ir.  about  3  seconds  after  mixing.  The  temperature, 
indicated  by  the  thermocouples,  then  dropped  rapidly  to  a 
value  below  300°F  within  8  to  10  seconds  after  mixing  the 
ingredients.  In  most  cases,  the  remaining  flames  died  out 
in  less  than  one  minute. 

Because  of  the  relatively  low  temperature  of  the  flames 
and  the  reaction- vapor  content,  the  flame  showed  a  heating 
effect  on  the  test  fabrics  quite  similar  to  that  of  the  1000°F 
steam,  and  different,  from  that  of  radiunt  heat  from  the  Globar. 
It  would  appear  that  a  urotective  fabric  for  use  unae>*  these 
conditions  should  be  r.on-porous  to  the  superheated  vapors  and 
should  have  sufficient  thickness  (and  low  thermaL  conductivity) 
to  prevent  appreciable  penetration,  or  conduction,  of  the 
heat  thrcurh  the  fabric  A  highly  reflective  surface  on  the 
protective  fibric  w.uld  be  quite  helpful  at  some  distance 
from  the  heat  source,  but  apparently  added  little  value  in 
direct  exposure  to  the  flame  and  heated- vapor  mixtur.e. 

As  a  result  of  the  evaluation  test3,  an  aluminum- 
pigmented  polychlorotrifluoroothylene  coating  on  No.  116 
glass  fabric  and  siiicone  rubber  sponge,  with  an  overall, 
thickness  of  0.070  inch,  was  recommended  to  satisfy  ths 
requirements  of  this  contract*  An  alternate  recommendation 
was  the  same  construction  with  an  al urn* num-plrmer.ted  poly- 
ethylena-Vistanex  coating  in  place  of  the  polychl orotri- 
fluoroethylene.  Tr.e  f irst^recommendeu  construction  showed 
outstanding  res -stance  to  white  fumir.u  nitric  acid,  mcno- 
athyianllir.e,  and  is  resistant  to  virtually  all  other  oxi- 
diaers  and  fuels.  It  provided  .roud  protection  avu' rat 
penetrati  ;r.  of  neat  from  actual  exposure  to  a  white  fuming 
nitric  acid  -  nor.oetuyiuniline  flame  and  to  1000dF  steam* 
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The  fabric:  construction  i.s  flexible  and  useful  over  a  temp¬ 
erature  range  of  -60°F  to  +390°?.  The  construction  provided 
less  protection  from  1000°F  radiant  heat  than  others  with 
more  highly  reflective  surfaces,  but  the  actual  flame  hazard 
concerned  was  found  to  produce  relatively  little  radiant  heat. 

The  second  (alternate)  construction,  relatively  less 
expensive,  showed  good  resistance  to  white  fuming  nitric  acid 
and  monoethylaniline,  although  not  as  good  as  the  first  con* 
struction.  The  remainder  of  the  construction  is  the  same  as 
the  first  construction  and  the  insulation  value  is  the  same. 
The  polyethylene-Vi3tanex  coating  will  burn,  in  contrast  to 
the  first  coating,  but  this  infected  no  difference  in  the 
actual  flame  exposure  test  results. 

A  practical  method  i3  now  available  for  the  application 
of  the  polychlorotrifluoroethylene  as  a  tr.in,  transparent, 
flexible  and  impermeablo  film  on  glass  fabric.  Although  this 
film  is  les3  flexible  and  costa  considerably  more  than  the 
polyethylene-Vistanex,  its  properties  are  filt  to  be  far 
superior  for  the  present  application. 

A  thickness  of  0*070  inch  for  the  fabrlo  construction 
has  been  recommended  to  provide  the  required  insulation 
against  a  10  seoond  exposure  to  1000°P.  The  actual  flame 
reaction  caused  by  mixing  white  fuming  nitric  acid  and 
monoethylaniline  produced  considerably  higher  temperatures 
(approximately  1600°P),  but  of  much  shorter  duration  (peak 
temperature  in  2  to  4.  seconds,  with  a  rapid  decrease  to  below 
300°P  in  another  5  seccnds  or  less).  It  is  possible  that  a 
thinner  fabric  (0*040  to  0*050  inch)  might  be  sufficient  if 
actual -use  conditions  prove  that  the  flash  flame  ia  of  less 
duration  than  the  10-second  target  specification.  Thinner 
constructions  would  have  certain  obvious  advantages,  such  as 
in  weight  and  comfort* 
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SUMKARY  AID  C0NCLU3I0H3 


1*  A  fabric  consisting  of  &  thin  coating  (0*002  inch)  of 
aluminum-pigmented  polychlorotrifluoroethylene  on  fflaas  fabric 
backed  with~a  low-density  silicone  rubber  sponge,  and  »dth 
overall  thickness  of  0*070  inch,  is  recommended  for  protection 
against  splashing  with  white  fusing  nitric  acid,  end  with 
various  fuels,  and  against  exposure  to  a  brief  ohenloal  fire 
(1000°?  for  10  seconds)  resulting  from  accidental  mixture  of 
white  fuming  nitric  acid  and  aonoethylanlline,  or  mixture  of 
other  oxidizing  agents  and  fuels* 

2*  An  alternate  recommendation  is  the  same  construction  with 
an  aluminum-pigmented  polyethylene-Vistanex  coating  in  pleoe 
of  the  polychlorotrifluoroethylene* 

3*  A  fabric  consisting  of  an  aluminum  reflective  surface 
reinforced  with  glass  fabric  and  backed  with  a  ralatlvaly 
thin  layer  of  silicone  sponge  rubber  was  satisfactory  aa  a 
heat-resistant  insulating  fabric  for  short  exposure  to 
radiant  hast  at  1000*P  and  to  supsrhaated  ataaa  at  1000*P* 

It  was  also  impervious  to  superheated  ataaa  at  1000*P  for 
a  short  exposure* 

4*  A  low-density,  silicone  rubber  sponge  compound  which  oen 
be  continuously  blown  and  cured  on  glass  fabrio  In  standard 
production  equipment  was  developed. 

5*  A  coating  of  polyohlarotrlfluoroethylene  0*002  inch 
in  thickness  on  glass  fabrio  withstood  165-200  hours1 
exposure  to  white  fuming  nitric  sold  before  penetration  of 
2.5  grams  of  sold  per  square  meter  of  exposed  surfaoe* 
Polyethyl  sne-vistanex  and  Kel-P  Bias  toner  showed  considerably 
lower  resistance  to  penetration  by  tfca  acid* 

6*  Polyethylene  and  p o\ yeth yls ns-Vistanex  blends  were  cured 
by  peroxide  to  render  greatly  improved  dimensional  stability 
at  temperatures  of  250*1*  and  higher*  The  peroride  out  w 
also  effected  improved  resistance  to  penetration  by  whits 
fuming  nitric  acid* 
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TABLE  10 


DESCRIPTION  A  HD  SOURCE  OF  COMMERCIAL  MATERIALS 


Material 
Globar,  Type  AT 
Sol-?  Elastaaer 
Polyfluoron 
Dispersant  “.4“ 
Rayf oil 

Vacuum-deposited 
aluminum  coating 

Vistanos  B-90 


_ Description 

p/16  inch  bar,  silicon  carbide 

fluorocarbon  elastomer 

polychlorotrifluoroethyl ene 

chlorinated  hydrocarbon 

0*001  inch  aluminum  foil  on 
glass  fabric 

Thin  coating  applied  on  io*  116 
glass  fabric 

polylsobutylena 


Source _ 

The  Carborundum  Company 
M*  tf*  Kellogg  Company 
Acme  Resin  Corporation 
Acme  Mssin  Corporation 
Promts  Industries 

Minnesota  Mining  & 
Manufacturing  Company 

SnJ&y  Company,  Ino. 
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